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                                                       Abstract
     In 1981year author of this book revealed the real structure of the electron and 
muon  [24]. Charge quantum  е± = -4,803242∙10-10 CGSE  in them is uniformly distributed 
over the surface of a torus with its big radius R . For e±  R =3,87 ∙10-11cm  and torus

cross-section radius  ρ0 =1, 37 ∙10-93 cm. And charge circulates on the torus surface with 
vφ = +c (or –c)  . 
     On the basis of this structure, a quantitative analysis of the total (electric and 

magnetic) interaction energy between real toroidal particles was performed. 

     In the electron-positron pair, the real asymptotically free well (AFW) has a depth 
Ųe-e+~ -3 keV. And Ųµ-µ+~ -0,6MeV. But computed by author in following works the AFW 
depth for heavy toroidal τ-τ+-hadrons, which still now named leptons,   Ųτ- τ+ ~ -11 MeV.  
And in AFWτ-τ+  (also, as in AFW e+e- and in muons) magnetic contribution in all AFW 
only on <1%  less, then contribution electrical). 
     Ųτ- τ+ ~ -11 MeV  provides grounds to consider the purely electromagnetic interaction 
of the heavy “leptons“ τ-τ+, making up all the protons and neutrons, the universal source 
of strong coupling.  

                                                            PREFACE 

     Unfortunately, it was only after translation into English of Russian text of the book “The Real 
Electron”, published by Energoatomizdat in 2006, the author found in the Bolshaya Sovetskaya Encyclopaedia (1974, V.5, pp.448 - 449) the following assessment of the level of knowledge of the physical essence of mass, made by the well-known scientist Yakov Smorodinsky: 
    “The nature of mass is a most important unresolved problem of modern physics. It is customary to assume that the mass of an elementary particle is determined by fields (electromagnetic, nuclear and others) related to it. But no quantitative theory of mass has been created yet”.    
     And his estimation happened to be a most pleasant surprise for the author:        

     Y.Smorodinsky's words about the physical essence of mass includes, besides actual magnetic (H) and electric (E) fields excessive (nuclear and others) “fields” also.  But already at that time, only taking into account  E  and  H adequately would have unambiguously  lead any theorist to the same conclusion as the one  obtained by the author  in “The Real Electron” approximately two decades later. The said conclusion consists precisely in that the masses of all true elementary particles  (e±, µ± and τ±) and, consequently, of all other (composite) particles and natural macroscopic bodies are made up merely by electric and magnetic fields. This signifies that  both electric and magnetic fields, as well as the  gravitational field due to mass have a single source: the indivisible, massless  charge quantum  ±е, uniformly distributed over the surfaces of tori  e±, µ±  and  τ±  and eternally circulating along them with  |vφ| = |±c|. The author had the idea to write this book as early as back in 1981, when he completed his work “Model of electron and muon structure” [24]. 

     In ref. [24], the author managed to reveal both the physical sense of the magnetomecha- nical ratio being doubled in the case of the electron, which did not seem normal, and the exact equality of the total magnetic flux, always penetrating the current loop of a particle, to its quantum 0. The author was also encouraged by the behaviour of total interaction energies of the magnetic moments and electric charges of the е-е+   ring-particles at small distances being surprizingly similar to the asymptotically free behaviour of the interaction energies between partons in a nulceon.  These positive emotions, which accompanied the writing of this book, stimulated a prolonged search for the true parameters of  the most universal, from the point of view of the intensity of its participation in practically all natural phenomena, elementary particle as the electron.

     The interpretation of known measurements [10] of the root-mean-square radius (rq2)1/2 of the charge distribution in the electron, previously considered to be performed in its center-of-mass reference system (c.m.s.), being proved [9] incorrect happened to be an important step toward  realizing this book. Actually, measurements of (rq2)1/2 for е- were carried out (practically always – in colliders) in the laboratory reference system  (l.s.). This means that  to obtain the final result for (rq2)1/2 in the electron c.m.s, it was necessary to multiply (rq2)1/2  obtained in  [10] by the factor γ = Ecoll/(mc2) (Ecoll  is the energy of colliding  e- (in the l.s.), mc2 is the e- rest energy). Multiplication by γ has clearly proved that all the measured values of (rq2)1/2r. s.. are practically identical:   (rq2)1/2r. s..~10-11 cm ~ c ~ ħ/(mc) = 3,86·10-11 cm (c  is the Compton wavelength of the electron). 

    Soon after the publication of ref.[9], all attempts to  prove experimentally the  “pointlike” nature of the electron was stopped. 

     The discovery, that the electron  charge -e,  distributed uniformly over its toroidal surface,    superstable circulate around axes of torus with velocity of light [12],  which follows from Dirac's relativistic theory of the electron, significantly boosted of work on the book. Here, the radius 
R = 3,87∙10-11 cm of the found current loop, which is practically equal to the Compton wavelength of particle с, and its other parameters coincided with the parameters predicted in [24]. 

The axis of the electron current loop coinciding with the axis Oz,  that is fixed even in the absence of any external, with respect  to the electron, magnetic field, owing to conservation of its mechanical moment (spin) happened to be an essentially important property of the circulation revealed.  The axis Oz will be fixed even more rigidly in a magnetic field. So, the z-projections of both the magnetic momentum  and the mechanical  momentum s  of the electron will  always be equal to their absolute values z =  and sz = srespectively. Consequently, no precession of the electron momenta ever exists. 

The author became interested in the investigation of the true properties of the electron already in 1951- 1954, while working under the leadership of V.A.Fock, on the  thesis  “Calculation of the excitation of the 23S- and 21S-levels of a helium atom by  electron collision”. And already before 1981, the author published a number of original papers on the interaction of electrons with various micro- and macroobjects.  Some of them are presented in the Appendices to this book.

                                                            INTRODUCTION


Intense studies of the electron have been carried out for over 105 years, but many aspects concerning it are still far from having been revealed with certainty. The zigzags in the road leading to comprehension of its properties amazing.


No other elementary particle is so abundant in Nature as the electron. At the same time it possesses a quantum of charge, -e, and a mass, that is many times smaller than the masses of all other charged particles, i.e. experimental studies of all its properties can be carried out using devices many times more simple than for all other charged elementary particles. But ― and here is a paradox ― the results of both experimental and theoretical studies of the electron still exhibit no less than three gross errors. 


The first of them consists in the electron's structure being assumed by theorists to be pointlike. Its absurdity is evident. But the second error, made in all measurements of the actual dimensions of the electron at accelerators without taking into account their relativistic reduction, rendered it impossible to understand the essence of the first error.     


The third error was made by two most autoritative theorists in atomic spectroscopy [25]. In deriving an expression for the relativistic correction to the eigenvalue (e.v.) of kinetic energy for the electron they found it to appear to be negative. Truth is known to be the absolute criterion for the results of an investigation to be correct in any science. But, here, instead of the truth, the authority of excellent spectroscopists prevailed, and their mistake still continues to be spread around in textbooks and monographs. 


It is clear that even the mentioned errors were sufficient to block the process of revelation of the true properties of the e-. 


Inconsistencies in the cognition process aimed at revelation of the true parameters of the electron were noted earlier, also. 


Thus, G.Lorentz, back in the beginning of the 20-th century, put forward the idea that ``all forces are more or less closely related to the forces, that we study in electromagnetism [1]''. And in 1950 Ya. Frenkel [1] stressed ``the fact that the purely corpuscular model of matter, which we still make use of,  is not adequate, when one deals with the microworld, since it only reflects the corpuscular aspect of matter, without taking into account its field nature''. But even to-day theoretical calculation of the classical electron radius is only based on the contribution to its rest mass of its own electric field E, while the contribution of the magnetic field H, readily calculated from its magnetic moment е-, considered, like its charge, to be pointlike (the expression for H is found in ref.[2]), and which is actually many times larger than the contribution due to E [3, p.306], is ignored. The reason for not taking into account H may consist in that the constant e2 in 
E2 = e2r-4  exceeds by ~22 orders of magnitude е2 in H2 = е2(3cos2θ +1)r -6. But, already when r = 10-12 cm, the factor r-6  in H 2 exceeds r-4 in E2 by 24 orders of magnitude. Therefore, if back in the XX century re  were to be calculated via the correct expression for the mass, 


mе = (8πc2)-1 ∫(H2 +E2)d3x = 

= (8π)-1 ∫[е2(3cos2θ +1)r-6 + e2r-4]r2sinθdrdθdφ  =  е2/rem-3 + e2(2rem)-1  , 

with account of both the fields of the "pointlike" е-, then, instead of the previous re= 2.82·10-13cm, its correct (with account, also, of H2) value rem = 4.77·10-12 cm would have exceeded re by a factor of ~17.  Here, the equality of energy densities averaged over the surfaces of the spheres surrounding the e- of radius, r, E2с/(8π) = H2с/(8π), is already realized at  rav= 2.7337·10-11cm. And the magnetic energy of a “pointlike'' е-,  Um(10-12, rav) ~ 54 MeV, localized in the small volume in between the spheres with r =10-12 cm and rav would be ~ 100 times greater than meс2, while the energy of the field  E  in this volume only amounts to ~70 keV. This gigantic  concentration of energy of the field H at distances from е- equal to r ~10-12см, even exceeding nuclear scales 
(~10-13 cm) illustrates how enormous the interaction force is of a “pointlike'' е- with the  of other particles, localized in small volumes. 


Regretfully, none of the enthusiasts of the proof, that the electron is “pointlike'', noticed that the total interaction energy of two “pointlike” е-, U(r) = e2/r - е-2/r3, which is positive at distances r>(е/е) =1.935·10-11cm, becomes negative in the range of distances  r <1.935·10-11cm even in the case of oppositely directed coplanar (the term is explained in the first paragraph of Chapter 2) magnetic moments, since the force of their attraction by е- in this region is superior to the repulsion of charges. At distances between them, equal, for instance, to r = 10 -13 cm the total (negative!) energy Ue-e-(10-13 см ) = -53.8 GeV! But if anyone had revealed this, he would certainly have termed the ``pointlike'' e- a superhadron and suggested that theorists study the bielectron atom, the volume of which Ve-e-~4π(1.935·10-11)3/3 cm3 is filled with the superstrong magnetic coupling between two leptons of the same charge!


And long known facts, such as the rule, satisfied in all nuclei without exception, that the directions of p+ and n of the chargeless neutron are always opposite in pairs of the even part of their nucleons, could have stimulated researchers to consider the interactions of coplanar magnetic moments of hadrons and of their quarks as the basis of strong coupling. But, regretfully, this did not happen. 


Back in 1967 G.P.Thomson made an interesting communication [4]: ``I remember very well how A.Compton presented his work on the ``ringlike'' electron to the seminar of the Cavendish Laboratory. He showed that such a theory could resolve certain difficulties, however, this idea did not receive support, and in 1926 it was replaced by the idea of the rotating electron, put forward by G.Uhlenbeck and S.Gaudsmith. But it also was not quite satisfactory.In the same work, devoted to an analysis of the results of intense 70-years-long studies of the properties of the electron discovered in 1897, Thomson noted: ''..it is most surprising to what extent a conventional theory renders even the best brains blind to new ideas''  ''


Genial P.Dirac created the relativistic theory of the electron, which, as noted above, from the very beginning involved the non-local ringlike structure of the electron, that was still not understood by the end of the XX century. Doubtless, Dirac understood the absolute necessity of taking into account, in quantum mechanics, the interaction between both the charges -е of the electrons and their magnetic moments е- and the moments of atomic nuclei and other microparticles. But, at that time it was impossible to construct a unique operator of the magnetic interaction of е-   with other particles owing to the presupposed diversity of relative orientations of the magnetic moments of partners. Most likely, precisely this fact directed his efforts toward elaborating the hypothesis of the pointlike magnetic monopole aimed at constructing the desired operator of magnetic interaction on the basis of the sum of two scalar monopole potentials. 


By the way, while studying the properties of the monopole back in 1931 Dirac demonstrated [5, p.68] that not only the charge of the electron and positron, ± e,  must be quantized, but also the total magnetic flux of the monopole with its quantum 0 = hc/(2e) = πħc/e  (which was measured 19 years later by London [6] for macroscopic superconducting rings). But 

Dirac's hypothesis concerning the magnetic monopole did not work. And great efforts are still put into studies of the nature of the electron based on quantum electrodynamics (QED) involving its principal postulate that the electron is pointlike. But even in the XX century researchers developing QED started to notice the following: ``Although modern QED is quite a satisfactory 

theory for a certain range of physical phenomena, it exhibits the serious defect that for removing arising divergences additional ideas have to be invoked, which are not present in the principal formulations of the theory and are not reflected in its original equations'' [7]. In the book [8, p.113], that completed his creative activity, R.Feynman, a coryphaeus of the creation 

of QED, thus estimated one of its main methods: ``The trick by which we find n and j (n and j represent the mass and charge, respectively, of eˉ) is termed ``renormalization''. But, however smart the word is, I would call it stupid! The necessity of applying such a trick did not permit us to prove the mathematical selfconsistency of QED''. However, practically all scientists working in the field of QED still consider the above estimation of its defect to represent unfounded emotions of the authors of such estimations. 


And till recently quanta of the charge -e and the mechanical moment h/2 always served as initial parameters for the theory. The record for elementary particles magnetic momente-  9.2956∙10- 21 erg/Gs,  which is no less stable, than the charge е- = -4.803242∙10-10 CGSE, and inconceivable without the existence in the particle of a closed contour involving a just as stable electric current, circulating in the contour and creating a quantized magnetic flux e = 0 = 2.06785·10-7 Gs∙cm2,  is ignored in spite of the aforementioned attempt of Compton to draw attention of researcher colleagues to the electron-ring. 


Moreover, the QED postulate of the 4-vector electromagnetic electron current serving as the source of the electromagnetic field, which in the static limit has a sole (scalar) component -- the charge quantum  -е, – also contradicts reality. This absurd postulate permitted, naturally after

 resolving difficulties with the aid of questionable QED tricks [8], to calculate precisely the most important reliably measured beforehand parameters of the electron and of its interaction with other particles, like in another case of the other postulate of .е-   being ``pointlike'' (just as absurd, since the mass of such a е- is infinitely large), which, as mentioned in the Preface, owing to the interpretation of the results of all measurements [10] of its form-factors being erroneous, was considered experimentally proven until the middle of the 80-ies.     


Probably, Jenni, Levi and Reivenholl [11] were the first to note the necessity of taking into account the relativistic reduction of the measured dimensions of the electron. They claimed (1957) that in the form-factor of the particle being studied,.F(q2) = f(r)eiqrdr (q = p - p0 is the vector momentum transfer, f(r) is the static (in the rest frame) distribution of charge or kinematic magnetic moment), the argument of function f(r) undergoes relativistic reduction, that depends on the experimental conditions. Measurements of f(r) were actually performed in the laboratory reference system (l.s.), in which the electron being studied always has a velocity close to the speed of light, especially in experiments at. е-е--colliders.In these most frequently performed experiments with total  symmetry of the kinematical parameters of elastically interacting partners reduction of the projection of  r  onto  q is easily taken into account. Owing to the equality of the absolute values of the momenta of both partners, p0 (before their elastic collision) and  p  (after the collision), in the l.s. and to the equality of the rest masses of both colliding electrons, r in f(r) is reduced for both partners by the same factor   E0/moc2  (E0  represents the energies of both  е- before the collision). Taking into account the effect of reduction of dimensions correctly has revealed [9], that the result of measurement achieved at all energies of the partner particles was always the same ― the measured root-mean-square radius of the charge distribution in the е-  rest frame amounted to  10-11 cm. i.e. the actual size of e- in all the experiments was  c.  Regretfully, after the publication of ref.[9] experiments were suspended in spite of the great importance of measurements of е- form-factors in  e-e- -interactions for various combinations of the particle polarizations in colliding beams. 


The above reconciles with reality the remarkable fact, revealed back in the 70-ies [7, V.B.Berestetskii] by the creators of QED, that classical electrodynamics can no longer be applied not in the case of the photon field wavelength, equal to the traditional (calculated without the contribution of H2ср/(8π) to mc2)  classical re  2.82·10-13 cm,  but for a wavelength actually close to c = ħ/(mc) = 3.8616·10-11 cm, which is  137 times greater than re. 


The non-local nature of е- [12] involving the large radius of its toroidal structure,  R  с,  proven both experimentally and on the basis of the Dirac relativistic theory of the electron, not only discards the problem of divergences. It also gives rise to hope that within the framework of true (non-local) quantum mechanics the construction will be implemented of a precise and at the same time more simple, than modern QED, adequate theory of those subtle effects, the parameters of which after measurement of their values can still only be calculated within the framework of QED (by applying devices, that are questionable even to its creators). 


In the book, results are presented of quantum-mechanical calculations of real parameters of the real non-local toroidal electron, muon and τ-adron and of interactions  e-  with micro- and macroobjects, carried out by the author and his colleagues with account of corrections introduced in certain fragments of standard quantum mechanics.  

                                                            CHAPTER 1  

                                        STRUCTURE OF THE ELECTRON

1.1 RELATIVISTIC THEORY OF CHARGE CIRCULATION IN THE ELECTRON [12]

The relativistic theory of the electron developed by Dirac [13] represents a surprising set of the main electron,s properties. Not all of them are adequately deciphered and applied, yet.

Thus, the analysis, presented by Dirac, of the integrals 1(t) and x1(t) , obtained in ref.[13], of Heisenberg's equations of motion and involving the relativistic Hamiltonian  

                                                 H= c(,p) + 3mc2                                                           (1)

for a free –   with a zero external electromagnetic field and eigenvalue (e.v.) H = mc2 – electron, 

                                    
           1(t) = (iħ/(2H)) 10 e -2iHt/h + cp1/H
                   (2)  
and                                                     
x1(t) = -(cħ2/4H2)10 e-2iHt/h + cp1H-1t + a1
(3)

revealed that c1(t) – the velocity projection onto axis x1 – consists not only of the usual constant velocity of the entire particle, c2p1/H = p1/m, but also of  (icħ10 /(2H))e-2iHt/h, its part, termed by him «oscillating». The absolute value of the latter was found  to be always equal to the speed of light c. 


The physical meaning of c1(t) is readily understood, if one recalls that Dirac introduced into the theory, together with the 4-vector coordinate operator  х, new degrees of freedom describing internal motion inside the electron. This was, naturally, done with the purpose of reflecting the existence of electron spin and magnetic moment. Here, the velocities for both types of degrees of freedom are described by one and the same operator   cThus, the electron «trajectory» x1(t) (3) contains an «oscillating» part  (cħ2/4H2) 10 e-2iHt/h together with the usual terms. 


The problem of singling out from the general picture of the particle's motion and  of   investigating only the motion of its internal  – hitherto considered «oscillating» – object is of significant interest. 

   1.2. HAMILTONIAN, DESCRIBING MOTION OF THE OBJECT INSIDE THE 
                             ELECTRON, AND THE INTEGRALS 1(t) AND x1(t)
          As it was established, the velocity of the object inside the electron is equal to the speed of light. Hence unambiguously follows the equality of the rest mass of the moving object to zero. Besides this, the particle spin is doubtless created and stabilized by the motion of namely this object. Moreover, its motion generates the magnetic moment of the electron,  e , and the quantized magntic flux, due to it,  = 0 = ħc/e through the particle's current contour, that are both  just as stable, 


Evidently, the sole object capable of realizing all the listed requirements can be a massless quantum of charge -e. Namely, travelling with the speed of light, in the field of its own vector potential A it exhibits the spin-forming mass 


ms = -(e/c2)As
                                                                                       (4)

(Ai = As  are the e.v. of the vector potential created by the charge itself at the points along its trajectory).  


Only in this case of stable ordering of the azimuthal motion of the charge will the spin ħ/2, the magnetic moment  e  and flux 0  always be stable. 


In order to single out only the interelectron object it suffices to set the velocity of the whole particle to zero. Then, in accordance with the uncertainty principle the wave function of the particle throughout space will exhibit a constant (infinitesimal, naturally) value. So the action of the first term in the momentum operator  -iħd/dx of the Dirac Hamiltonian (1) results in zero everywhere, just like the action of its field part (e/c)A, in accordance with the aforementioned assumption of an external A = 0. 


Then, the Hamiltonian H, describing motion of the charge in an electron at rest is                         




Hi = 3msc2 (e. v. Hi = msc2).
                                          (5)       


With the aid of the procedure, applied by Dirac in obtaining integrals (2) and (3) for the equations of motion with Hamiltonian (1), for the equations with Hamiltonian (5) we find 



1(t) = iN10e-i t/N (N = ħ/(2msc2));  x1(t) = -cN210e-i t/N.
         (6)

1.3. TRAJECTORY  x1(t)  AND THE ELECTRON'S STRUCTURE

A unique feature peculiar to solutions (6) consists in their absolute values exhibiting perfect discreteness. The abolute values of both the velocity operator  c1(t) and the coordinate operator x1(t)are independent of time. To clarify the physical meaning due to this property we shall advantage of the periodicity of 1(t) and x1(t)), as well as the equality to 1 of the coefficient of the exponent in  1(t). In doing so we shall choose the time moment t = 0 for starting integration of the Heisenberg equations of motion so as to provide for  10 = -2msc2/ħ. This will render the form of the intergrals convenient for investigation,  


1(t) =-ie-it x1(t) = Re-it = Rcost – iRsint (R= ħ/(2msc),  = c/R).
(7) 

The trajectory (7) being complex points to it exhibiting curvature. Here, its real part   Rcost describes the projection onto axis x1 (the Ox  axis in the xOy plance of the Cartesian reference system), while the imaginary part describes the projection of the trajectory onto the imaginary axis, that is actually the coordinate x2 described by matrix  2    (i.e. the Oy axis of the same plane). This is easy to understand by comparison of the Dirac matrices 
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As we see, the only matrix among them with purely imaginary (diagonal) elements is  2. 


Thus, the real trajectory x1(t) lies in the xOy plane, and owing to the distance of the charge from the origin of the reference system being constant ‌x1(t)‌ = R = const. ‌it may turn out to be a circle fixed in the xOy plane. This assumption will be correct, if the path L covered by the charge with the speed of light during one time period T = 2/ is shown to satisfy the exact equality L = 2R. This is actually so, since  in (7)  = c/R, and  L = 2R. 


The simultaneous existence of the e.v. of two equal charge velocity components along the Ox axis, vx = c1 = c, and along  Oy at first sight contradicts relativity theory. However, only  the velocity of a pointlike charge would  exceed the speed of light.    


Moreover, circulation with the constant speed of light of a charge -e even not pointlike, but distributed non-uniformly along the circle revealed above, is not consistent with the superstability of   е- (е  2·1022 years) and with the possibility of its annihilating with a positron.   


Hence it follows, that the sole possible distribution for the electron is a uniform distribution of its charge along the entire circular trajectory found above. Then, the total charge velocity at each of its points will always be equal to the speed of light. Its projection onto the Ox axis at both ends of a diameter of the trajectory (always located on the Oy axis) will possess, in accordance with Dirac's theory, two e.v.,  +c and -c. This will also hold true for its projection onto the Oy axis. And, besides, both the electric and magnetic fields, formed by the circulating charge, will be superstable.  


But if one assumes (like it was done in QED with the «pointlikedness» of the whole particle, but then disproved by correctly interpreted experiments) transverse locality of a charge uniformly distributed along a circle with its meridian cross section equal to zero, then on it both   Aiand the scalar potential will  diverge. This means, the mass of the cha,rge, mi (4), and of the entire electron, m, will turn out to be infinitely large. 

Consequently, the only possibly admissible distribution for the massless charge quantum -e in the electron is its simultaneous nonlocal uniform distribution both over the entire circumference of the ring, 2R (R = ħ/(2msc)), and over the surface of an infinitesimally thin torus with the aforementioned large radius R and infinitesimal radius of the meridian cross section, 0  R. The latter renders the structure of the electron in the form of a closed ringlike charge superstring completely determined and makes it possible to calculate all its parameters with account of all known precise experimental data.  

It is appropriate, here, to stress that the standard underlying the quantum theory of the е- spin – it is always chosen to be directed along the Oz axis (directed along the vector of the magnetic field, external relative to е-)  – is conserved, also, in Dirac's theory. He realized it via the choice of matrix 3.


This makes evident the necessity to equate the constant, equal to the time derivative of 3, to  ´30 = 0 in the similar to (6) and (7) integrals  3(t) and x3(t) of the Heisenberg equations of motion for the interelectron object with Hamiltonian (5).  

Thus, instead of the chaotic so-called “Zitterbewegung” of the whole electron, there actually forever takes place superstable circulation of its massless charge with the speed of light in its own self-consistent electromagnetic field along the rigorously fixed surface of a superthin torus of constant large radius R about its symmetry axis Oz. 

The proven absence of precession of the electron spin and magnetic moment about its symmetry axis presents the hitherto absent possibility of providing the necessary definiteness of the operator of its magnetic interaction with other particles. As we see, Dirac's relativistic theory of the electron involves the equality of the total mechanical momentum of the electron s to its projection sz, i.e. the precession angle of the electron's axis about a given axis is always zero.   

Consequently, the interpretation of Dirac's theory of the electron, on the basis of which only its projection sz = ħ/2 was quantized, while the total  s  exhibited a non-integer mulitplier of  ħ/2 (see, for instance, refs. [14, 15, 16, 17]), is not correct.  

Here it is also appropriate to consider the situation in standard quantum mechanics concerning description of the properties of orbital momenta. Therein the absence was established [7, Blokhintsev D.I., The fundamentals of quantum mechanics] of precession of the ring orbital currents of the electron in an atom relative to the direction, that is always conserved, of the mechanical orbital momentum  lħ.  Hence it is evident, that the operator of the square mechanical momentum of  e-  in the atom, hitherto applied in the form of the total Laplace operator for a sphere, is not correct, since any atom with a non-zero mechanical momentum always possesses an Oz axis, the fixed direction of which is conserved. So the total Laplace operator in the Hamiltonian of the wave equation must be replaced by its z-component -ħ2∂2/∂φ2. This substitution     removes the absurdity, that for a long time existed, between the e.v. of the total  (l(l+1))1/2 ħ  and the z-component lħ of the  e-   momentum in the atom. The absence of such a substitution, as well as the error revealed below in the expression for the relativistic correction of the e.v. of atomic energy levels, was probably what compelled theorists to apply in 20-th Century quantum theory its ersatz  –   QED, based on devices, doubtful even from the point of view of its creators. 

It is of interest to once again consider expression R = ħ/(2msc) in (8). If, with account of (4),  it is compared with the known quantum-mechanical uncertainty relation xpx  ħ/2, then the following conclusion can be made: In stationary states, describing the structure of elementary particles, the product of the uncertainty of the coordinate of an object (for the charge in the electron x = R) and the uncertainty in the momentum component  px = msc is precisely equal to xpx = ħ/2. 

Further analysis is more conveniently performed in a cylindrical reference system with its origin at the center of the electron. Below, all quantities are expressed, as a rule, in the Gaussian unit system (with the exception of energy, which is sometimes given in eV).  

1.4. SPIN, TOTAL MAGNETIC FLUX, MAGNETIC MOMENT, MASS, MAGNETOMECHANICAL RATIO AND OTHER PARAMETERS OF THE ELECTRON
Thus, the structure parameters of the electron are the following: 

The large radius of the superthin torodial current contour 


R = ħ/(2msc);
(8)

the charge density, constant along the entire length 2R of the contour, 


 = -e/(2R);
(9)

the current, circulating (at v = +c) over the surface of the charge contour, 


jφ = -ec/(2R);
(10) 

(and for  v = -c it will be  jφ = +ec/(2R)). So the 4-vector current of an е-  at rest actually has both components -e, and j =  ec/(2R). This provides a basis for assuming that if this fundamental fact were taken into account in quantum mechanics before the creation of QED, then the postulates and area of competence of QED would have turned out to be radically corrected. 


The established structure of   e-   significantly simplifies the procedure of its further application. The constancy of densities  and jφ  in the circulating with the speed of light superstring-ring makes it possible to calculate the   e-   parameters by standard electrodynamic formulae without taking into account retardation effects [1, 3, 23]. 


Moreover, in accordance with relations (4) and (7), it provides for RA = cħ/(2e) being invariant, owing to which not only quantization of the electron spin, that served as an organic part of Dirac's relativistic theory of the electron, will take place,  


s = sz = -R(e/c)A = ħ/2,
(11) 

but also simultaneous quantization of the magnetic flux penetrating it


z = 2RA = -0 = (ħc)/e = -2,06787·10-7.
(12)

By the way, measurements of  z = M0 (M = 1, 2, 3,)  in macroscopic superconducting (SC) rings [19, 20] have demonstrated, that z = M0  penetrating them is also quantized, and  the quantum 0  is equal to  0 = hc/(2e),  predicted by Dirac [5]. 

The magnetic moment of  е-, possessing this structure, equals the product of the area of the current contour,  πR2, and   j/c is 


z = eR/2.
(12/)

With the aid of electromagnetic expressions  [3, 18,30], that are exact in our conditions, we readily find the electron mass 


m = c-2{pc + (1/2)d3x[ jφ(x)A(x)/c + (x)(x)]} = 


= ms + 1/(2c2) )d3x[ jφ(x)A(x)/c + (x)(x)],
 (13) 

(ms = -eAs/c2 = const.)

(jφ represents the current and   the charge density,  is the scalar potential). Integration is, naturally, performed only over the toroidal surface of the ring, on which both  (x) (9) and  jφ(x) (10)   are constant.  


We stress that the total electromagnetic rest  mass of the whole electron (13) consists of two parts, that differ from each other qualitatively. Of these, the spin-forming  ms = p/c is created by the field momentum of the -e charge circulating over the surface of the torus. And it is clear, that the sole  component – the  -component – of the interelectron momentum and the mechanical angular momentum (spin) ħ/2 of the electron are only due to this part of its mass. The source of its second part is the energy density of the stationary magnetic and electric fields integrated over the entire space.  


(The integral in (13) over the surface of the torus is known, in our conditions, to be equivalent to the integral of the energy density of the aforementioned stationary fields over the entire space). 

The 4-potential (i,A) proper, created by the charge -e, circulating in the electron-ring, is known to be, in coordinates  (r,,z), the following: 


 = -e/(R)(R/r)1/2kK(k); A = -e/(R)(R/r)1/2[(2-k2)K(k) - 2E(k)]/k;


k2 = 4Rr/[(R + r)2 + z2].
(14)

(K(k) and E(k) are complete elliptic integrals). The component Hz  of the magnetic field strength is  
Hz = ±(e/R)/((R + r)2 + z2)1/2[(R2 - r2 - z2)E(k)/((R - r)2 + z2) + K(k)].
 (14/ )

On the surface of the torus, the radius of its meridian cross section being 0R, with account of (4) and (8) we have [12]: 


(0) = -e/(R)ln(8R/0) = -msc2/e(1 + 4/) = const.

                     and  A(0) = -e/(R)[ln(8R/0) - 2] = -msc2/e = const.
(15) 

( = e2/( ħc)  is the fine-structure constant).

From the expression for spin (11) and A(0) = -e/(R)[ln(8R/0) - 2] (15) we find the 

invariant value   


ln(8R/0) = /(2) + 2 = 217, 2564
(16)

The precision of expressions (15), owing to  k2 =1–   with the module   10-n, due to (14), in which n 102 , that were obtained expanding K(k) and E(k) in powers of  k/ = 1 – k2, is already more than sufficient, when applied in (13) in the zeroth approximation [21].   

Owing to the integrand function being constant, integration in (13) is elementary, and with account of (4), (8) and the other expressions, presented above, the spin and total electromagnetic masses of the electron (13) and other parameters of the electron are expressed as follows: 


R = ħ/(2msc) = (1 + /)ħ/(mc);
 (8 )


ln(8R/0) = 217. 2564
 (16)


ms = [e2/(с2R)][ln(8R/0)–2] = 1.758842·10-38/R;
 (17)


m = [2(1 + /)] ms = 2.00464564ms = 3.525855·10-38/R;
 (18) 


sz = ħ/2 = (e/2c)0; (for v = +c)
 (19)


z = -eR/2 = -(eħ/2mc)(1 + /); (for v = +c)
(20)


z/sz = -(e/mc)(1 + /) = -1.002323e/(mc)
(21)

It is now sufficient for us to choose only one reliably measured parameter (its mass or another well measured parameter) and by substitution of its value into expressions (4) and (16)–(21) to calculate the values of all the other parameters. 

From this point of view, the most optimal are apparently calculations via the electron mass value m = 9.109382·10-28g, measured with a relative precision of  ~ 10-6  [Tamm I.E. – Fundamentals of electricity theory, Moscow, Fizmatlit, 2003, 610 pp.] (its value, measured by the 90-ies of the past century,  amounted to  m = 9.109534·10-28g [46, PED]). Calculations via the value                          m = 9.109382·10-28g yielded the following results: the spin mass ms = m/[2(1 + /)] = 4.544136·10-28g, the large radius of  the  e-  torus,  R = 3.870575 ·10-11 cm, and the magnetic moment of the electron

                  
z = -9.29558·10-21 эрг/гс.                                                                 (20/)

As one can see, only the value of the computed magnetic moment, the calculated absolute value of which exceeds its measured value by ~ 0.13%,  differs significantly from the measured value. 

But is we were to choose to perform calculations via the magnetic moment, measured to be  z = -9.284832·10-21 erg/Gs, then the readily found from (20)  R = 2|z|/e would be equal to            R = 3.8661·10-11cm. And from  (15)-(18): e/(R) = 3.95465; (0) = -859.173; A(0) = -851.2637. So, as a result, the computed masses (17) and (18) would have turned out to be equal to each other: the spin mass ms = 4.5494·10-28 g, and the total mass      m = 9.120 ·10-28 g.

This means, that in this case the calculated  m  would have exceeded by more than  0.1%  the precise measured electron mass. 

This is clearly due to the overly large error in measurements of the electron magnetic moment    z . Its measurements were mainly performed by deflecting its own trajectories or those of atoms or molecules in inhomogeneous fields of magnets with ferromagnetic poles of the Stern-Gerlach type, exhibiting along the  e-  flights sites, where, owing to saturation effects at the angles of poles close to the particle trajectories, it was not only difficult to measure absolute values of the magnetic field, but also directions of its gradient, the vector G. Even this sole factor would be capable of  causing errors in measurements of the magnetic moment  many times greater than the errors in measurements of the electron  mass or charge. This is also confirmed by the following estimation of the precision of electron magnetic moment measurements, provided by S.Vonsovsky [61]: «At present, experimental techniques have reached such a degree of perfection, that they permit to guarantee measurement precisions up to  0,1 – 0,2%».    

The above permits to assume the measurement precision for   e-  to be at the  very level  of (0,1-0,2)%, indicated by S.V.Vonsovsky, which is close to the precision obtained above with the aid of a comparative analysis of versions for calculating  e-  parameters via measured values of either   e   or   m.

Thus, on the basis of the accurately measured m = 9.109382·10-28 g and of other known quantities we find the following via relations  (11, 12, 12/, 13, 18)  presented above: the large radius of the electron torus (4), contained in Dirac's relativistic theory,   R = c(1 + /) =3.870575·10-11cm, practically coincides with the aforementioned experimentally found result – the natural limit boundary for the applicability of classical ED, which is quite surprizing from the point of view of QED. 

The physical reason for the magneto-mechanical ratio (21) of the electron doubling as compared to its value for orbital е-  momenta has also become evident, now. From (130, (15) and (18) it follows that: The spin-forming  mass  ms  is nearly exactly twice less that the entire particle mass. Moreover,  ms  (17)  also contains a natural, arising from the difference between the contributions (0) = -(1 + 4/)msc2/e and A(0) = -msc2/e to the   е-  rest mass, also called the anomalous small additional contribution   Δz/sz = (/)·(е/mc). 

These properties are also peculiar, naturally, to muons and  τ-leptons. Moreover, the z/sz «anomaly» at a scale of hundredths of a percent has been measured in nucleons and in other elementary particles. But the spin of each one of them is also always quantized and is a multiple of ħ/2. All this is, naturally, realized, also, in the antileptons  e+, + and τ+.    

It is interesting that the magnetic  z   is independent of the number of quanta in  z = N0 of the magnetic flux through the ring contours even if they are not leptonic, but, for example, bosonic. But the spin (19) and the the particle mass (18) are proportional to N.  

There also exist dissonances in theory: The small «anomalous» additional contribution to the ratio z/sz (21), Δz/sz = (/)·е/mc = 0.002323(е/mc), is twice as large as its measured value 0.00115965(е/mc). Even before developing the relativistic theory of charge circulation in the electron [12] and publishing it, the author assumed it possible in ref. [16] to overcome this inconsistency. To this end, the absolute value of the sole component  v  of the charge velocity in ref. [16] was set equal to  v = c – , (  c). But this (in modern quantum chromodynamics (QCD) the term «hand work» has been invented for similar devices) is not consistent with the first principles of theory. In this case c1  c, which contradicts [13] and [12]. And, although this attempt brought the calculated anomalous additional contribution and the measurement closer, it is not correct, as we have seen, and the problem has not been resolved yet. 

The product of the constant h and the revolution frequency of the charge,  = c/(2R) 
h = mc2/(1 + /) differs from h = mc2 by 0.25%. 
                                                                   CHAPTER 2

ELECTRON–POSITRON INTERACTION
In Chapter 1, in the depths of Dirac's relativisitic theory of the electron, we clearly saw the subtle definiteness, or, if one may say so, the quantizability of its structure. And the radii of the torus,  R = 3.870575·10-11 cm, and of its meridian cross section,  0 = 1.373 10-93 cm, and  ln(8R/0) = 217.256, are exactly constant, not to speak of such rigorously quantized quantities, like spin, the magnetic flux through the current contour, charge and other of its parameters. 

Evidently, the precisely fixed shape of the electron is identically repeated in the positron, and this is precisely what provides the possibility for a  e+e-  pair to annihilate, when the fusion of identical both in shape and in charge and current distributions over the surfaces of oppositely charged tori results in practically complete disappearance of the electromagnetic field of the pair,  and the rest mass of the neutrino produced turns out to be zero or   0. The latter makes precise measurements, under way for a long time already, of the difference of  m  from zero still very important. If experiments confirm with confidence that m = 0, then this will provide grounds for considering a certain bare mass of other than electromagnetic nature not to exist, not only in the case of leptons, but of all other particles, also. 

Like it was to be expected, annihilation results in the rest masses of  е- and е+ not disappearing, but transforming into an equivalent amount of electromagnetic energy of two, three or more photons. In the case of high energies of the colliding  е-  and  е+  they transform into the masses and kinetic energy of hadrons or other particles. 

This fact of a colliding lepton-antilepton pair being capable of transforming at ultrarelativistic momenta into hadrons and other particles confirms the aforementioned uniqueness of the foundation of matter in the form of a  ±e  quantum (naturally, together with the   E and H  formed by them). 


In each   е-е+   interaction, owing to the precession axis of each of the particles coinciding with the direction of the external magnetic field, only two versions are realized of the necessarily symmetric mutual interposition of the ring axes in space – either they are coaxial, or they are coplanar (the median planes of the tori). This is obvious, since, for example, already at a distance  r  а0  10-8 cm (the  r  e.v. of positronium in the ground state) between  е- and  е+  the magnetic field gradient  H  , created by each partner of the pair, has the average value         H  104 Oe.

         And as a consequence, as it will be seen below, of the absolute value of the scalar potential of each particle-ring      of the pair throughout the entire space exceeding the absolute value of the vector potential   A , the electromagnetic interaction in the pair is negative (capable of binding  e+  and  e-    in stationary states) in the sole case of the charges of the partners being opposite to each other. On the contrary, the magnetic moments may be both (in parastates) parallel (but then the spins are antiparallel) and (in orthostates) antiparallel (naturally, with parallel spins) . As a result, the total mechanical momenta  Sz in parastates  are Sz = 0,  while in orthostates  Sz = ħ.

This, a propos, contradicts the known assertion that «since the spin of the   -meson is zero, it possesses no magnetic moment» [14, p.397]. This assertion, as we have seen, is valid for a single particle-ring, but is doubtful for the  -meson, which is conventionally considered to consist of two partons. This permits one to think that it does have a significant magnetic moment, which has not yet been revealed and has not been measured owing to its small lifetime 0 ~ 10-16 s and  ± = 2.6∙10-8 s.

                                                                CHAPTER 3

INVARIANT SYMMETRIZED HAMILTONIAN OF THE ATOM

An indispensable requirement of the total energy operator for the closed system of an atom in any of its stationary states consists in taking into account the contribution of all particles   localized within it. This is realized via symmetrization, over the indices of each particle, of that part of the operator, that is related to the interaction energy of the partners. If this had to be done half a century ago, then the known Thomas-Frenkel correction to the e.v. of the electron energy, necessary in states with  l >0,  and corrections similar to it would not have been needed. The form of this part of the total energy operator for a one-electron atom [like in 2, 3, 22] will be the following:


U(x) = (1/2)∫[1(x1)2(x) + j1(x1)A2(x)/c + 2(x1)1(x) + j2(x1)A1(x)/c]d3x1 
(22)

( and j are components of the 4-current;  , A  are components of the 4-potential; x represents the distances between the centers of partners). 



Here, the only Jφ-component [7] of the orbital current in the ring of radius  r  for the 2P-state is conveniently expressed in the form  


jφ = -eħm/(mпрr)2P2 drdz = -eħm(64πmпрa02)-1•exp(-(r2 + z2)1/2)rdrdz

(the coordinates (r,φ,z), where sin2θ = r2(r2 + z2)-1) (mred  is the reduced  e-  mass in atoms, r and z are given in a0-units,  for  l = 1 m = ±1).  The operator  I  of the total current in the ring of cross section drdz (integrated over  rdφ jφ  with  m = 1) 

              I = -eħ(32mпрa0)-1exp(-(r2 + z2)1/2)r2drdz.                                                      (22/)

Electric interaction exhibits a unique property. For all atoms in (22)  ∫12d3x1 =∫21d3x1. Precisely it was the reason of the long-term application in quantum mechanics, in which magnetic interaction was not taken into account in the 0-th approximation, of the non-symmetrized operator. On the other hand, in the magnetic interaction the symmetry of   jA/c  exists only some of its extremely diverse summands. But the created by the interaction of magnetic moments of partners quantization of the total spin  Sz  in stationary states of atoms ( Sz = ħ or 0 in them always) nevertheless results in that in (22) the only real mutual orientation of particle axes is the coaxial or coplanar orientation. This renders the operator, although not fully, but anyhow admissibly unique.   

Further, the distances between the centers of a pair of particles in it, if their mutual orientation is coaxial, will be denoted by  z , and if it is coplanar, then  by  r. And this part of the Hamiltonian – the scalar product of relativistic 4-vectors j and A of  e-  and nuclei (24) – is symmetrized over indices 1 and 2 of both partners. 

We shall call the contributions of the magnetic interaction to the energy e.v. of the Enl0   levels, the were not taken into account in the 0-th approximation, contributions of the 1-st  approximation. They are calculated by integrating terms in (22) such as   (j·A),  multiplied, naturally,  by the probability  |Ψnl|2.  We shall denote their e.v as follows:     

m – e.v. interaction energy of с. з.  е- and я; 

mlj – contribution of interaction between orbital  j- and j+; 

mlH – я in Horb created by е- and  е- in Horb of nuclei ядер; and, also, 

mlH – е- and я in their proper magnetic  Hprop with l ≠ 0.    

Of these only the amplitude  m   is present in all states (for any n and l). And  mlj = 0  for  all S-levels. But in the case of orbital ring currents [7, Blokhintsev. – Fundamentals of quantum mechanics; Frisch.  – Optical spectra of atoms], always coaxial with the Oz axis, owing to the signs of   jφ-  and  jφ+  in operators (24/) being opposite to each other, all  mlj > 0.  

We shall express the kinetic energy   Eк   in the Hamiltonian in the 1-st approximation, Eк1  , on the basis of the adequate  [25, p.120] relativistic wave equation in the 1-st approximation (5.26){U(r) + p2/(2mпр) – p4/(8mпр3c2)}Ψ = EΨ.  The   e-    rest mass in this equation for the real atoms under consideration will be considered reduced. In its operator of kinetic energy  p2/(2mred) –p4/(8mred3c2) the first term contains the factor   γ2 = 1/(1 -v2/c2)  and the second term – γ4. And their addtional contributions of 1-st order, δ ,  amount to   δ[p2/(2mred)] ≈ (v2/c2) mпрv2/2  and  δ[-p4/(8mred3с2)] ≈ -(1/4)(v2/c2)mredv2/2.  

But, in calculating from (5.26) the 1-st approximation of the adequate relativistic correction the authors of ref.[25] did not conserve its principal (positive!) part contained in p2/(2mred)  of the correction  (v2/c2)mredv2/2, the absolute value of which is 4 times greater than the absolute value of the correction they did take into account,  (1/4)(v2/c2)mredv2/2 от (-p4/(8mred3c2). 

To correct this mistake it is optimal to take advantage of the obtained on the basis of the] known quantum-mechanical virial theorem [27, 28] relation between the e.v. of the total (En) and kinetic (Eк) energy of the n level of an atom in the case of interaction, assumed to be purely Coulomb interaction, Eк=|En| [27,28]. 

         Then the relativistic correction in the 1-st approximation,                                                                                   

                              δr n = +(3/2)(Eк0/(mredc2))∙Eк0   (Eк0 = e. v.mredv2/2)

to the e.v. of total energy in the 0-th approximation,  En0  , assumes an elementarily simple form: 


                              r n = +(3/2)|En0|2/(mпрc2).                                                       (23)

That it is correct is confirmed by the coincidence between the correction (namely, positive) found by Fock [2, p.105] in his classical relativistic expansion for   Eк   of a particle of rest mass  m, moving with a velocity v. 

In (23) it is convenient to make use of the known En0 = -mrede4/(2n2ћ2) (for Znucl = 1)).   

It must be stressed that  r (23)  already contains the whole sum of Eк0 (both for radial and orbital motions) . It is obvious, that the correct   r  for each n-level in this approximation depends only on the quantum number  n, since for a given  n  the absolute values of kinetic energy e.v.,  Eк0 = -En0  , for  different orbital  l  in this approximation are identical. 

       But – once again a dissonance – the r = [(-mпрe4/(2n2ћ2))α2/n2][n/(l + 1/2) - 3/4)] obtained 

in ref.[25]  also contains a sharp dependence upon l.  In the case of the state, for example, with 

n = 2,  for  l = 1 r is nearly 6 times smaller than for  l = 0.  At the same time all experimental data 

on the energy intervals between any 2S- and 2P- sublevels for a concrete hydrogen atom show, 

that the largest amounts to ~ 10-5 eV. This means that the differences between the kinetic energy 

e.v. of sublevels (the absolute values of which, as it was mentioned, are close to -E20) cannot 

exceed these ~ 10-5eV. And, evidently, the expression for  r   from  ref.[25],  presented above and 

still applied in quantum mechanics, seems absurd from this point of view. 

        But this dissonance is not the last one in modern quantum mechanics. 


3.1. THE PROBLEM OF QUANTIZATION OF THE TOTAL ORBITAL MOMENTUM AND OTHER DISCORDS OF THEORY
In Chapter 1 it was already mentioned that, like for the aforementioned spin moment, part of the quantum-mechanical operator Eк(1)  of the always conserved M of the orbital  M2/(2mredr2)   is reflected as the complete Laplace operator for a sphere. Owing to this, only its projection onto the Oz axis turns out to be quantized. But the total moment vector M, which is doubtlessly (like in classical mechanics) an integral of motion, is not equal to lħ, but for equal  l  values has a set of neither integer, nor semiinteger  – always fractional –  absolute values (l(l +1))1/2ħ. 

Thus, in the case of  l = 1 it is М(1) = 1.414.ħ, in  the case of  l = 2  М(2) = 61/2ħ = 2.449ħ and so on. This absurdity, as well as the aforementioned large number of diverse corrections to the magnetic interaction, account of which, as we shall see, also removes the necessity of a vector model for adequate description of measured atomic spectra, provides grounds for considering the correct operator M  to be equal to  ‌ M‌ = -iħd/dφ,  and, thus, the operator of total momentum


M2 = -ħ2d2/dφ2.
(23/)

Under this assumption the total atomic Hamiltonian in the 1-st approximation will be 

H = [1 + (3/2)|En0|/(mredc2)]p2/(2mred) + (1/2)∫[1(x1)2(x) + j1(x1)A2(x)/c +

2(x1)1(x) + j2(x1)A1(x)/c]d3x1,
(23//)

in which the operator p2/(2mred) = -ħ2/(2mпр)r-2(d/dr)(r2(d/dr)) – ħ2d2/dφ2  and the e.v. of its term –ħ2d2/dφ2 equals  l2ħ2,  while the relativistic correction to its Hamiltonian  
                               r = [(3/2)|En0|/(mredc2)]p2/(2mred) has the e.v.                               (23).

But – surprizingly –  substitution in  of  l2  for  l(l + 1))  in  (23’’) and conservation of only the   φ-dependent part of the Laplace operator led to the long and intensive search – that lasted several months –  by the author of an analytical expression for the radial part of the wave function in the Schrödinger equation,  R2P(r), for atoms turned out to be unsuccessful. Thus, only the e.v.  <M2 > = l(l + 1) ħ2   is consistent with the possibility of finding simple analyitcal solutions of the equation for   R2P(r).  

The above gives rise to thoughts, that today's quantum mechanics most likely also originated with an attempt to take into account conservation of the quantized absolute value of the total angular  M2 = l2ħ2. But, it being impossible in this case to find simple analytical expressions for R2P(r) in the form of an algebraic sum of several summands –  products of integer powers of space variables rk and coefficients  ak,, i.e. in the form of a known standard series, that is cut off at – k = n = 2, compelled theorists to apply the long ago found and investigated by mathematicians form and properties of the solutions of wave equations with the total Laplace operator, neglecting the problem of it being adequate in this case.  

Obviously, the absolute value of the e.v. from ref. [25] being negative and, besides, three times smaller than the correct (23) as well as other aforementioned erroneous postulates of standard quantum mechanics made impossible the coincidence of  computed  quantum-mechanical intervals between any two sublevels for differing  n, that previously were considered reliable, with the measured values.  For example, the true   δr ~ +5.35∙10-4 eV for the 1S state of hydrogen, while for the 2S level it is four times smaller  (+1.34∙10-4 eV).  And, instead of a real reduction of the interval  E2S – E1S by ~ 4∙10-4 eV, taking the relativistic increase in mass into account, according to ref. [25], provided for its enhancement by  ~1.33∙10-4 eV. And this sole error (not to mention magnetic interaction not being accounted for and other theoretical errors, also) was capable of making unavoidable the application in quantum mechanics of an infinite set of virtual QED effects with the aim of achieving «agreement» of the measured intervals between levels with such a «theory».  

CHAPTER 4

INTERACTION ENERGY U(r12) IN THE SIMPLEST ATOMS 

4.1. THE STUCTURE OF INTERACTION OPERATORS IN MUONIUM AND HYDROGEN
     The masses m = 206.76865m  and  mp = 1836.1516m. The reduced masses of   e-  are  
mred  = 9.0656894·10-28 g and mredH = 9. 1045752·10-28 g. 

     The moments   
 = 4.490625210-23 erg/Gs and p = 1.410617110-23 erg/Gs are small as compared to  е = 9.2956·10-21 erg/Gs. The large radius of the lepton-ring + R = (2)/e = 1.87192810-13cm  is approximately, in units of m/m, 200 times smaller than the value for the electron, R [22],  while the known root-mean-square radius of the charge distribution in the proton, (r2p)1/2 10-13cm, is even smaller.  And it is better to calculate with sufficient accuracy the interaction energy U(x) in muonium and  H  with the aid of  simpler equations, than in Ps, replacing in (22) the terms (j·A)  by equivalent to them scalar products of the nuclear  and magnetic field strength vectors,  Hе- , caused by е-  at the sites of their localization (~ at the centers of the atoms). With account of this compulsory mutual   orientation of partners, coaxial or coplanar (i.e.  яH = яHz), and, also, of the correction  mlH (energy of е in Hprop) for muonium and H the interaction energy operator is the following: 


U(x) ≈ ∫[1(x1)2(x) - яHz(x)/2]d3x + mlH/2
(25)

     In (25)[28,30] Hz = ±{(e/R)/((R + r)2 + z2)1/2[(R2 - r2 - z2)E(k)/((R -r)2 + z2) + K(k)] ± |H0орб|} (k2  0 for coaxial and  k2 = (4r/R)/(1 + r/R)2  for coplanar interaction  (in coordinates (r,,z)).  

     The structure of operator (22) for atoms, denoting the distance between the centers of partners by r12 ,  is conveniently concretized in the form


U(r12) = Ue(r12) ± Um(r12) + Umlj(r12) ± UmlH(r12) ± UmlH(r12)
  

(the indices of interaction terms  Um are the same as in the corrections at the beginning of    Chapter 3). 
4.2. OPERATORS Ue(r12) ± Um(r12)  IN POSITRONIUM
In positronium with coaxial mutual orientation of the e- and e+ tori the electron 4-potential (14) in a (r, φ, z)-reference system with its origin at the center of the atom (on the Oz symmetry axis of the pair) is constant over the entire surface of the positron torus. It being constant is due to the unique peculiarity of the coaxial mutual positioning of partner-rings with parallel median planes of the tori, the centers of circles of radius   0   of the cross sections of which lie on the surface of a unique cylindr of axis Oz and radius R. As it was mentioned above, its linear (along the contours) charge and current densities,  = e/(2R)/cm and  j = ec/(2R)/cm, respectively, are also constant on the surface of the positron torus, while the angle     between the vectors Ae- and je+/c can only be equal to 0 or . Moreover, in calculations of the pair interaction energy (22) in the intergrals  e+e- and (j/c)e+Ae-  both the coordinates  r = R and (with the same accuracy) the coordinates z = const of each of the partners are also constant with a precision of  r 0 = 1.373 10-93 cm. Therefore, for S states, in which all orbital  Uml = 0  (below, the interaction energy of coaxial  е- and е+ have the index  Ua, and in the coplanar case Up; while lower indices indicate fields),  

Ua(z) =Uae(z) + Uam(z); Uae(z) = -e2/(R)(kK(k)); 

Uam(z) = e2/(R)[(2-k2)K(k) - 2E(k)]/k; (e2/(R) = 1184,2 эВ);


k2 = 1/(1 + z2/(4R2)).
(26)

The sign “-” occurs in the interaction energy  Um  of  е- and е+ when j of the same sign is present in both (е- and е+ ) rings.  

At distances z   between  е-  and е+   k 0;


 Uae(z) = -e2/z; Uam= e2R2/(2z3) = 2е-е+ /z3; Ua = -(e2/z)[1  R2/(2z2)].
(27)

In the case, when  0  z  R  k1, here, also,  Uae(z) =-(e2/(R))ln(8R/z); 
Uam (z) = (e2/(R))(ln(8R/z) - 2); i.e. 
Ua(z) = -2e2/(R) = const., 

if Uam>0 и Ua(z) = -(2e2/(R))[ln(8R/z) – 1],   when  Uam < 0.                          (28)

In the case of coplanar mutual orientation of the tori z = 0 in (14), while the distance between the centers of the tori is conveniently denoted by r (see Fig. 1). The distance from the center  of    е-  to a given point on the е+  torus, the median plane of which coincides with the electron median plane, is  Rf1/2, where  f =1+ (2r/R) cos + r2/R2,  and the cosine of the angle between Ae- and je+   

cos  = ±(1 + (r/R) cos)/f1/2 и k2 = 4f1/2/(1 + f1/2)2 .

А Upe(r) = -2e2/(2R) ∫0π[K(k)/(1 + f1/2)]d; 
Upm(r) =  e2/(22R)∫0π{(1 + f1/2)(1 + (r/R)cos)[(2 - k2)K(k) - 2E(k)]/f}d;


Up(r) = Upe (r) + Upm(r). 
       (29)
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Like in the case of  Ua, when the distance between the  е- and е+  centers  r , k0  and


Upe(r) = -e2/r, Upm(r) =  e2R2/(4r3), Up(r) = -(e2/r)(1  R2/(4r2)).
(30)

When r 0, k1 and Upe = -(e2/(R))ln(8R/0); Upm = (e2/(R))(ln(8R/0) - 2); 


Up(0) = -(e2/(R)) [ln(8R/0)  (ln(8R/0) - 2)].
(31)


But calculations of e.v. of the operator   Up(r)    using a computer becomes complicated for distances  between the  е- and е+  centers  r(0, 2R) in the coplanar case: in the case of   angles  = к (critical angles), for which  cos к = -r/(2R), the  contours of the particle tori intersect, and when r = 2R,  = ,  the cross sections of the tori coincide. This makes it impossible to apply simple methods for calculating U(r12) in this region, since in the vicinity of critical angles  к both the scalar and the vector potentials of е- increase, even though logarithmically, but the enormous absolute value of the argument of ln(8R/), when    tends toward 0 = 1.373 10-93 cm, 

blocks numerical computer calculations. 


This difficulty is ovecome by performing computer calculations outside the vicinities of intersection points and of coincidences of the contour cross sections and by adding, to the result obtained with the computer, the contribution due to analytical integration inside them. At the same time, when  r =   0 and r = 2R – ,   ,  the divergence becomes dependent not only on φ, but also upon ε. For this reason analytical integration in the vicinities of critical points assumes different modifications. Denoting   φ = φк +  (‌‌<< 1), we find the approximate expressions for  cos φ, cos α, f, f1/2, k2 and k'2 in the following form:   

cos φ = -r/(2R) –  (1 – r2/(4R2))1/2;

cos α ≈ ±[1 - r2/(2R2)]; f = 1 - (2 r/R)(1 - r2/(4R2))1/2; f1/2 = 1 -  r/R (1 - r2/(4R2))1/2 ;

k2 = 1 - (2 r2/(4R2))[1 - r2/(4R2)]; k'2 = (2 r2/(4R2))[1 - r2/(4R2)].

     The contributions   Upe  and   Upm   for each  r  are more conveniently found by integrating (29)  over     (i.e. over  )  only over half of the interval (к - , к + Δ)  from  к  to к + Δ  and  by doubling the result.  Δ << 1,  and     before  к   must be equal to    after  к.

     When r =  R,   


Upe(r)  -2e2/(2R) [ln(8R/) - ln + 1];


Upm(r)  2e2/(2R) [ln(8R/) - ln - 1] .
(32)

            Removal from expressions (32) and in subsequent formulae of the integration interval from   -ρ0/R to +ρ0/R is realized, as one can easily understand, automatically – by the common factor    in the integrand functions. Within the interval r  (,2R -) the contribution of analytical integration in the vicinities of both intersection points of the  е-  and  е+   contours will be: 


Upe(r)  -2e2/(2R){ln[8R/(r(1 - r2/(4R2))1/2)] - ln + 1};


Upm(r)  2e2/(2R)(1 - r2/(2R2)){ln[8R/(r(1 - r2/(4R2))1/2)] - ln -1}.
(33)

      Denoting, in the vicinity of the critical points of the interval  r(2R – , 2R),                             r = 2R - ε(ε/R << 1),  we obtain:  


ΔUpe = -2e2/(π2R) [ln(4R1/2/ε1/2) - ln + 1];


ΔUpm = ±2e2/(π2R) (-1 + 2/R)[ln(4R1/2/ε1/2) - ln - 1]; ( =  - к)
(34)

    We find the analytically computable contribution to U from the region of     r(2R, 2R + ),   0  taking advantage of   

cos = -1+2/2  -1; cos  ±1; f =1 + 2/R +22 + 2 /R + 2/R2;

f1/2 = 1+ /R + 2(1 - /(2R));  k2 = 1 - 2/(2R) - 2/(4R2);  k/ = (2/(2R) + 2/(4R2))1/2.

It is 

                 Upe = -e2/(π2R){[ln(4(2R/ε))1/2 - (1/2) ln(2 + ε/(2R)) + 1]};

                 ΔUpm = ±e2/(π2R) {[ln(4(2R/ε))1/2 - (1/2) ln(2 + ε/(2R)) - 1]}.
(35)
4.3.BEHAVIOUR OF U(r12) IN THE CASE OF REAL  e-  AND  e+.
The behaviour of computed Uae(r12), Uam(r12), Upe(r12), Upm(r12) and Uc(r12) for r12(0;4R) is shown in Fig.2 and Fig.2or. Fig. 3 shows the behaviour of   e  , the difference of the real e- and  e+ electric interaction energy from Uc:  e(z)=Uae(z)-Uc(z) and е(r)=Upe(r) -Uc(r). 

The behaviours of  Ua = Uae - Uam, Up = Upe - Upm and Ua = Uae+Uam, Up =Upe+ Upm   are shown in Fig. 4. 
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         One can note the multiple real interactions of diverse kinds. 

For this reason two versions of Fig.2 are given. The behaviour of   Ump  is shown in it both for parallel and antiparallel  μ . The total interaction energy of the real charges and   of е- and  е+ , both coaxial and coplanar, U(z) and U(r) (Fig. 4),  is always negative – both in the cases of parallel and antiparallel (in orthopositronium) – for all z and r. This is so because for any distances between the real partners (charge superstring-rings) the absolute values of the negative interaction  Ue  between charges  +e and -e exceed the absolute values of the interaction between their magnetic  . 


This property of the interaction of real  e- and e+  differs  radically from the interaction properties «pointlike»  e- and  e+, for which, for example, when the distance between them  
r12 = 10-12 cm   |Um| = е2/r123 = 53.9 MeV, while |Uе| = 0.09 MeV.   Once again, here, one sees the extent to which the assumption of real particles being pointlike is incorrect. 


At the same time, within the interval  z  (0 – 0.4)R, the interaction energy Ua(z) ,  with its significant length z 1,5·10-11 cm,  in the case of antiparallel magnetic moments in the pair is nearly constant and amounts to  -2,37 keV. The energy  Up(r)  of the ortho-interaction in these states of a pair of coplanar e-  and  e+   has an even broader and original, than Ua(z), potential well of diameter 2r 1.7·10-10 cm, the bottom of which (with the same depth as in the coaxial case,  -2.37 keV) also exhibits an outer ringlike enhancement of depth down to a level below -3 keV.  (Here, something occurs like the «asymptotic freedom» of interacting partons in QCD). At the same time, the total    depth     of     the      logarithmic      potential     well   in  parapositronium                       is  -2e2/(R) (ln(8R/0) –1) =-512.18 keV, i.e. it exceeds by more than two orders of magnitude the depth of the well in orthoPs.  Probably, this is the reason (see refs. [17] and [19])  the lifetime of parapositronium,  para = 1.25·10-10s, is reduced as compared to  ortho = 1.4·10-7s  by  ~ 3 orders of magnitude. 

CHAPTER 5. 
CORRECTIONS TO THE E.V. OF  LEVELS E1S, E2S AND E2P OF POSITRONIUM, MUONIUM AND HYDROGEN

Calculations of corrections in ref. [29] (the erroneous factor of  the relativistic correction δr must be removed), completed in 2002 by the author together with his colleague Yu.Lobanov and published in 2003, were performed even before doubts arose of it being correct to replace the total Laplace operator in Schrödinger's equation with the operator  M2 = -ħ2d2/dφ2. This means, that the corrections were calculated via known standard wave functions of atoms, found applying standard Schrödinger equations (for the e.v. of total moments  (l(l+1))1/2 ħ). 


But, as it  was     already      mentioned,      searches     for      analytical     expressions    for     0-th-approximation wave functions of the 2P-levels of the atoms studied applying Hamiltonian (24.3) have not been successful, yet. And the corresponding calculations of corrections with adequate wave functions for the 2P-levels have not been performed, yet. But, nevertheless, the results of calculations based on known standard wave functions and their comparison with experimental data are certainly of considerable interest, just like the results of future calculations with the wave functions found via   (24.3) with M2 = -ħ2d2/dφ2.


The following corrections were found via the 0-th approximation  е-  wave functions of Ps, H and muonium in the form of known hydrogen wave functions with account of the   е-   reduced mass in each of the atoms. 

In Ps  mпр = mе/2  and for the 1S, 2S and 2P-states of  Ps  the wave functions are the following [27]:

R1S = 2exp(-r1); R2S = 2-1/2 (1 - r1/2) exp(-r1/2)


и Ψ2P = R2P·Y2P = (24)-1/2r1e-r1/2 •(3/(8))1/2sinei
(36)

(r1= r/a0, a0 = 2ħ2/(mеe2) = 1.0584·10-8 cm, r  is the distance between the e- and e+ centers, the magnetic m = 1).



      The known zeroth approximation energy e.v. of the levels, En0,  

En0 = -mee4/(4n2ħ2) are E1S0 = -6.802938 eV


and E2S0 = ‑1.7007345 eV = E2P0.
(37) 

     Owing to the differences between the Coulomb and actual interaction operators, their shifts and splittings are expressed as 

E1S = R1S2(r1) U(r1) r12 dr1,

E2S = R2S2(r1) U(r1) r12 dr1

and                                             E2P = Ψ2P2(r1)U(r1) r12dddr1,                               (38)

in U, naturally, includes both e and the entire real interaction Um, Umlj, UmlH, UmlH and δr. (When U2P is independent of  and φ,then in integrals such as (24) only R2P is used, instead Ψ2P).


In (38), the necessary change of variables r/R and (in a cylindrical reference frame) z/R  in  Ue, Um and Uc to r1 and z1 is implemented by mulitplying them by the number = a0/R (in Ps  = 273, 446)).

     
Denoting the statistical weight of the coplanar mutual orientation of  the  е- and е+  tori  by  p,  and the coaxial orientation by  (1-p),  we express the 1-st approximation corrections due to both fields in  E1S as:      
m1S = R1S2(r1) r12 [(1 - p) Uam(r1) + p Upm(r1)] dr1= (1 - p)аm1S + ppm1∫S,

                                                    (Uam and Upm from (26) and (29)),  


          e1S = -e2/(R) ∫  R1S2r12{[(1 - p) k K(k) + p/  ∫ K(k)(1 + f1/2)-1d] - (R)/r1dr1 =


= (1 - p)аe1S + ppe1S
(39)


m2S = ∫R2S2(r1) r12 [(1 - p) Uam(r1) + pUpm(r1)] dr1 = (1 - p)аm2S + ppm2S; 


e2S = -e2/(R) ∫ R2S2r12{[(1 - p)kK(k) + p/ ∫ K(k)(1 + f1/2)-1d] - (R)/r1dr 1 =


= (1 - p)аe2S + ppe2S.
(40)

(in  (39) and (40) and in – far – (41)- (44)  interval of the integration is from  0  to  ∞)..   

         In the  2P-state of Ps (in muonium and H also) all orbital ring currents of partners, as mentioned above, are coaxial.  For this reason the component, created by them, Hz >> Hr. And the  moments  е- and я of the partners can only be expected to be coplanar.  But, then, both the calculated   e2P and m2P and the quantities mlj ± (mlH + mlH)  for the  2P  level,  with  account  of p ~1,  will be close to 


m2P =∫ [Upm(r1)] R2P2 r12 dr1 = pm2P; 


e2P = -e2/(R)∫ R2P2 r12 {[(1/)∫K(k)(1 + f1/2)-1d] - (R)/r1dr1 = pe2P
                  (41)

     In (41) only the radial  R2P  are taken into account, since  Um and e depend only on r1.

     We shall further call the values of  аm, pm, аe, pe, mlj, mlH  and  mlH  amplitudes. 

     The main difference of muonium and H from  Ps   consists in the large excess of mass of the nuclei m+ and mp+ over me (24а).  In them 

mred  = 9.0656894·10-28 г, а0  = 0.53173810-8см; mredH = 9.104575·10-28 г; 


а0H = 0.529465410-8см;  = 137.3787 and H = 136,79156.        (42)

     The e.v. En0 = mredе4/(2n2ħ2 ) in muonium and H are 

E1S0 = -13.540312 eV, E2S0 = -3.3850781 eV = E2P0 for muonium and 


            E1S0 = – 13.598391 eV, E2S0 = -3.3995978 eV = E2P0 for hydrogen 
      (43) 

      As compared to  е   the moments  = 4.4910-23 erg/Gs and p= 1.4110-23 erg/Gs are small. And, taking advantage of the multiple superiority of   Re- over  Rμ+  and  <rp+>,  it is possible to  simplify calculations of the energy e.v. in muonium and H with the aid of operator (25). The amplitudes for them, similar to the positronium amplitudes (39-41), will be the following: 


δapm = -∫R2(r1)(Hz(r1))r12dr1


и ape =∫  R2(r1)e[(r1) + e/r1]r12dr1; (r1 = r/а0)
                               (44) 

     Here, like in Ps, r1 represents both distances  r1  and  z1; expressions  (r1) and Hz(r1) are given in (14) and (14/). 
5.1.THE PECULIARITY OF MAGNETIC SPIN-ORBITAL INTERACTION
The aforementioned coaxiality of the orbital currents of partners makes the calculated amplitudes mlJ  (mlμH + mlμH) quite definite. Here, owing to the signs of the orbital je- and jя being opposite to each other, all the  mlJ > 0.


In the case of Ps the operator (24')   Iе = -eħ/(32mreda0)•exp(-(r2 + z2)1/2)r2drdz,  and 2P = R2P·(3/8)1/2sin∙ei = R2P·(3/8)1/2r(r2+z2)-1/2e  i  and  А (14)  are known;  we express the shift  mlJ  as follows: 

ml J = Nexp[-((r12 + z12)1/2 + (r22+z22)1/2 )]r1 r22((r1 + z1)2 + 

                   + (z2 - z1)2)1/2[(2 - k2)K(k) - 2E(k)] · dr1dz1dr2dz2;


k2 = (4r1r2)/((r1 + r2)2 + (z2 - z1)2); N = a0-1[(eħ)/(16meca0)]2 = 7,07510-7 eV.
 (45)

It suffices to integrate (45) over  r(0-20) and z(-20; +20).   The result is the following: the shift  

                      mlJ = 6.427•10-5 eV. The splittings  

mlH = (1/2)(ml+H- + ml-H+) and mlμH =1/2)(ml+H- + ml-H+).

Both in paraPs (in it μе-׀׀μе+) and in orthoPs (μе- and μе+  are antiparallel) the absolute values of  mlH  and mlμH coincide. But the signs of the amplitudes (in brackets) of Psор coincide, while in   Psпа          ml+H- = -ml-H+   and   ml-H-= - ml+H+.

Thus,        mlHpara = (1/2)(mlH- + mlH+) = mlHpara = (1/2)(ml-H- + ml+H+) = 0. 

And  mlHort = mlHort = mlH-.

It suffices to calculate only their sum   mlΣort = mlHort + mlμHort = 2mlμH-,

which [14] for the 2P-level of Ps  amounts to:  


mlΣort = ±(-μeeħ/(12meca03) = ±(-7.56·10-6) eV. 
(46)

(The sign of  (46)  coincides with the sign of  m = +1 or -1). We recall, that the angle between the vectors  μe- and μe+ and the field gradient  <H>  in the atom is 0 or  π. I.e. in cos(l∙s) = ±1. This follows from Dirac's relativistic theory of the electron (see ref. [12]). 

     Owing to the wave functions of  е-  and  е+  in  Ps being identical and to the smallness of mе     as compared to m and mp , the properties of this interaction in Ps differs significantly from its properties in muonium and H. 

     Owing to the nuclei being localized in the case of muonium and hydrogen, practically in the centers of both atoms the amplitudes mlJ , the entire  mlH  and  mlH+<< mlH-  and via [14], also, cos(l∙s) = ±1                          mlΣ  (1/2)(-е-•<Hprop>) = ±(-μeeħ/(48mredca03)).

     Thus, for muonium    mlΣ  (-1.51) 10-5 eV  and for H  mlΣ  (-1.52) 10-5 eV.

     In Table 1 the complete set is presented of the 1-st approximation corrections (in 10-5 eV) for the atoms considered.                                                                                             

	Atom
	nl
	e
	r
	mlJ
	m
	mlΣort

	P s
	1S
	259.61 – 447.26p1
	54.34
	0
	±(138.41 -210.68p1)
	

	
	2S
	26.82 – 54.5p2
	3.4
	0
	±(17.02 – 25.905p2)
	

	
	2P
	-0.87 + 1.64p2P
	3.4
	6.43
	±(0.39 – 0.89p2P)
	(-0.76)

	µ+e-
	1S
	1109.04 -1673.27p1
	54.54
	0
	±(4.68 – 7.09p1)
	

	
	2S
	136.59 – 206.1p2
	3.4
	0
	±(0.575 – 0.871p2)
	

	
	2P
	2.99 – 4.48p2P
	3.4
	0
	±(0.01 – 0.022p2P)

±(1.49 – 2.18p1)
	(-1.51)

	H
	1S
	1122.15 – 1692.97p1
	54.3
	0
	
	

	
	
	
	
	
	
	

	
	2S
	138.21 – 208.52p2
	3.4
	0
	±(0.18 – 0.28p2)

±(0.005 – 0.01p2P)
	

	
	2P
	3.01 – 4.53p2P
	3.4
	0
	
	(-1.52)


Table 1
5.2. SUBLEVELS WITH ACCOUNT OF  ALL FIRST-ORDER CORRECTIONS
Thus, the first-approximation energy e.v of ortho- and para-  1S, 2S and 2P-sublevels of Ps, muonium and H with the centers of the levels Enlс = Enl0 +e+‌mlJ +r are: 


Enlор = Enlс +m mlΣ и Enlpar = Enlс-m ±mlΣ.
(47)

In them, the signs of amplitudes  m   are uniquely related to the vectors of magnetic moments (spins) of the partners being parallel or antiparallel. In the case of the amplitudes  ml   of the orbital magnetic interaction in   Еnl   it depends on the  relationship between the directions of μе- and of the generated motion of the partner or of the   е-  itself with the vector  H, while the direction of H depends uniquely on the sign of the orbital velocity component  vφе- (the number m = 1). 

The corrections in the Table are classified by the properties of their influence upon the Еnl0  e.v. Thus, the correction indicating the difference  e   of the real Ue  from  Uс  can only shift each level (practically always upward).  The relativistic growth of the   е-   mass can only lead to an upward shift in the levels, r   and (P-levels) mlJ,. These corrections are given in the three left-hand columns of the Table. But the interaction of the magnetic moments of partners in the atoms,  m  , transforms  all the levels into doublets. And   mlΣ    transforms the doublet (from m) P-sublevels with  l = 1 into 4 sublevels. The splitting corrections are presented in the two columns  at the right of the Table. 

The final expressions for the e.v. in the first approximation, Enlort (in eV), obtained from the data of Table 1, the value of En0 (37. 43)  and the expression for Enl (47), are given in Table 2: (the values of Enlpar = Enlort - 2m , that could not be presented in the Table owing to little space, are readily found with the aid of the quantity   m  from Table 1).                             
	Atom
	nl
	Enlс
	Enlort

	Ps
	1S
	-6.799756 – 4.4726∙10-3p1
	-6.7983720 – 0.0065794p1

	
	2S
	-1.7004217 – 0.0005450p2
	-1.7002515 – 0.0008040p2

	
	2P
	-1.7006169 +1.644·10-5p2P
	-1.7006130 – 0.0000253p2P (-7.5610-6)

	µ+e-
	1S
	-13.5289525 – 0.0167327p1
	-13.5289057 – 0.0168036p1

	
	2S
	-3.3836954 – 2.061·10-3p2
	-3.3836896 – 0.0020697p2

	
	2P
	-3.3850314 – 4.484∙10-5p2P
	-3.3850312 – 4.51∙10-5p2P (-1.51∙10-5)

	H
	1S
	-13.5866056 – 0.0169297p1
	-13.5866056 – 0.0169515p1

	
	2S
	-3.3981803 – 0.0020852p2
	-3.3981785 – 0.0020880p2

	
	2P
	-3.3995323 – 0.0000453p2P
	-3.3995322 – 0.0000454p2P (-1.52∙10-5)


Table 2
CHAPTER 6. 
COMPARISON OF MEASURED AND CALCULATED INTERVALS BETWEEN SUBLEVELS OF 1S, 2S AND 2P-STATES OF ATOMS 


The following intervals have already been measured:  in Ps the splittings   E1Sort - E1Spar; Е2Sort - Е1Sort  and  the lamb shift  Е2S-Е2P [31].  In muonium –  the splittings   E1Sort - E1Spar    and    E2Sort - E2Spar [31].   In hydrogen E1Sort - E1Spar; E2Sort - E2Spar; E2P1/2ort - E2P1/2par; Е2Sort - Е1Sort; Е2Port - Е2Spar and  the lamb shift  Е2S-Е2P [31]. 


Their values, calculated in the first approximation assuming p1,2 = 0,5, and p2P = 1, and the experimental values are the following:  

     In Ps E1Sort - E1Spar = 2|‌m1S|‌ = 6.61410-4 eV (meas. 8.41156·10-4 eV); 
Е2Sort - Е1Sort  = 5.101008 eV (meas. 5.10183 eV) – (surprize: the calculated 
Е2Spar - Е1Spar  = 5.10175 eV is close to the experimental  Е2Sort - Е1Sort). 

The calculated Lamb shift  Е2S - Е2P = 3.4610-5 - (7.5610-6) eV (meas. 3.56844810-5 eV).

     In muonium 2‌|m1S| = 2.267110-5 eV (meas. 1.84588910-5 eV) and  
2|‌m2S|‌ = 2.7910-6 eV (meas. 4.425210-6 eV). 

     In hydrogen 2|‌m1S‌| = 810-6 eV (meas. 5.874410-6 eV). And the interval E2Sort - E1Sort = 10.195859 eV (meas.10.19889 eV). E2Port - E2Spar = -3.5410-4 eV - mlΣ (meas. +4.09899610-5 eV), 2|‌m2S| = 810-7 eV (exp. 7.34310-7 eV) and 2‌|m2P| = 1∙10-7 - mlΣ eV (exp. 2.44810-7 eV).

Although the calculated Lamb shift  E2Sort - E2Port = 2.64410-4eV - mlΣ (meas. 4.37510-6 eV) exceeds the measured value by more than two orders of magnitude, the difference can be expected to decrease in the 2-nd approximation.  


As one can see, the calculated intervals in Ps and muonium are close to the measured values. In hydrogen coincidence occurs of both the number of experimentally revealed [31, Isaev, p.20] and calculated sublevels and their structure (mutual interpostions on nearly all the levels and sublevels). Already in the 1-st approximation about half of the calculated e.v are close to the respective measured values. 


This provides grounds for assuming the quantitative resource of standard quantum mechanics, that takes into account both the difference of the real electric interaction of an electron with nuclei from its Coulomb interaction and their hitherto nearly totally ignored magnetic interaction, to be, upon accounting for hitherto not calculated corrections to the wave functions of the 0-th approximation (these corrections are expected to be quite significant) sufficient for precise prediction of the e.v. of all the sublevels of bound states of atoms. 


The calculated 2P-level of atoms with the number m = 0 is not considered in this work, since the known wave functions of all atoms with m = 0 are real. For this reason (see D.I.Blokhintsev [7, p.102]) the e.v. of all the current (and mass and charge) components in atoms are equal to 0.  This means that the proportional to  m  orbital mechanical and magnetic momenta of the atomic  е-  are also 0, when m = 0. The wave equation automatically (l = 0) transforms into the equation for the 2s state. This, as well as the coincidence of the measured and calculated numbers of 2P-states of hydrogen (without taking into account sublevels with m = 0), confirms the absence in atoms of 2P-sublevels with m = 0.         

 
The uniqueness of the calculated corrections to the e.v.  Enl0  in the 2P-states of atoms (in these states, as it was mentioned, p2P ≈ 1), in which the splitting amplitudes mlΣ in Ps, muonium and H are many times greater than   m ,   makes measurements of the intervals between the 2P-sublevels of all three atoms and comparison of their results with  those of calculations presented here very important.  

CHAPTER 7. 
INTERACTION BETWEEN AN ELECTRON AND A NEUTRON

The role of ne-interaction is especially strikingly revealed in studies of ultracold neutrons (UCN, with energies < 10-7 eV) , discovered in the summer of 1968 by F.L.Shapiro and his      colleagues [32]  and capable of being stored for a long time inside solid-state (s.s.) evacuated vessels.  An unexpected result of both the pioneer experiment with UCN traps of 1968-1969 [32] and subsequent hundreds of other experiments consisted in the paradoxical smallness of the measured UCN storage time   t  ,determined in all the experiments, as compared to the theoretically predicted value.    


But in the theory, in spite of the fact that back in the 30-ies of the 20-th century well-known calculations of magnetic neutron scattering in the case of the neutron n  interacting with  e, я and the orbitral currents of the atomic electrons, performed by F.Bloch, M.P.Bronstein and other authors demonstrated the significant role of neutron interaction both with  e and its orbital currents in atoms, the magnetic interaction of UCN with electrons of the trap walls, limiting the UCN storage volume, was hitherto not taken into account, while the main reason for the quantity t to be limited was considered to consist in the presence of hydrogen admixtures in the surface layer of the vessel's walls.  


Interaction of the n of UCN with the  e  of electrons during short but frequently repeated time intervals  δt  of UCN reflection from the metall walls of the vacuum storage volume was taken into account in 1998 [33]. As it was expected, the calculated   t  turned out to be close to the measured values and, moreover, taking into account the interaction of   n  with  e   permitted to explain the excess of  t ,  observed in experiments with dielectric traps [34, 25], over the storage t  in metallic traps [36].  


The physical reason for the advantage of traps with dielectric walls, in which record values for solid-state UCN storage vessels were measured,  t = 290 s (quartz walls  of inner diameter  = 6.4 cm and length 1 m)  [34] and t = (950  60) s (Al walls, covered with heavy-water ice frozen on them, a horizontal bottom of   = 52 cm, and cylindr height equal to 28 cm [35]), is quite evident. In a dielectric, all the electrons fill up the levels of energy zones so that for any one of them there exist no free states with energy e.v. lower, than at the level occupied by it. This makes  the energy transfer from any electron to an UCN, that entered the surface layer of the wall, quite improbable.  


In metals, contrariwise, electrons of the conductivity zone with its continuous spectrum of energy e.v.   (the electron energy will further be denoted by ) even at low temperatures do not occupy all the states under the Fermi level  F, since a part of them occupy levels above   F. The probability of momentum transfer to UCN from the е-, occupying levels with   F, involving their subsequent transition to free lower-lying levels of the zone, is many times higher than for    < F.   


That both t = 290 s (in [34]), and t = 950 s (in [35])  are considered record values, in spite of t35/t34  3,  is not a mistake. The point is that owing to the large storage volume of the vessel in ref.[35] and to its optimum shape, the UCN interaction frequency with the vessel's walls in ref.[34] is many times larger, than in [35]. Evidently, the quartz surface is capable of reflecting even more UCN than heavy-water ice.   

Regretfully, the multiple increase of the UCN storage time (up to  t = 950 с) achieved by Yu.Yu.Kosvintsev, V.I.Morozon and G.I.Terekhov by evident elementary means, namely, by an optimum choice of the shape of the storage volume (actually, a cylindr, although it is clear, that a cube or sphere of appropriate dimensions are also suitable) is rarely applied. And in none of the solid-state UCN traps created subsequently was this wonderful achievement repeated. This means that in other experiments with UCN the storage times achieved never exceed 100 seconds.


Three particle fluxes are incident upon the reflecting surface layer of the metallic vessel for UCN with velocities  vn  5 m/s (while their kinetic energy 10-7 eV). The first is the arriving flux of nuclei with its density   я = nяvn  5·1025 cm-2s-1 (which sometimes, also, includes nuclei of hydrogen admixtures);  the second is the flux of electrons related to the nuclei, that exhibits the wi highest intensity, but that  practically does not heat the UCN; and the third is the flux    of   е-   from the conductivity zone with velocities v  vF  108 cm/s.
7.1. THE FLUX DENSTIY OF EXCITED ELECTRONS IN

                   THE CONDUCTIVITY ZONE 
     To find the flux  =  v N, where  is the relative number  of   е- ,  excited up to     F in the conductivity zone and capable of heating UCN,   v – is their mean velocity,  N  is the density of   е-  in the zone, it is first necessary to estimate . 
      It is most easy to estimate      by integration of the Fermi-Dirac distribution over values of the energy     of  the electrons, localized within the conductivity zone of the metal investigated,   f() = {exp[( -F)/(kT)] + 1}-1 (F is the work function for  ejection  of   an   е-   from  the  metal,  k = 1,380662∙10-16 erg/K = 8.61734∙10-5 eV/K)  in the following expression for it [33]
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In this expression integration is performed analytically using the following known integrand for the integral    ∫ f(ε)dε:  

Y() = ε - kTln[exp(( - F)/(kT)) + 1] [33].

The result of integration is surprising.  
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In this expression integration is performed analytically using the following known integrand for the integral    ∫ f(ε)dε:  

Y() = ε - kTln[exp(( - F)/(kT)) + 1] [33].

The result of integration is surprising.  

     7.2. SURPRISE INVARIANT   F-1
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Applying the aforementioned integrand  Y(),  we find 


F-1
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As one can see, the integral   F-1
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 f()d ≡ 1  always has a value identical to 1 for all possible  T.        


The remainder of the integral F-1
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 f()d ~ (kT/F)exp(-F/(kT)) is exp(-F/(kT)), for example, for copper with its F = 4,4 eV, has a value  exp(-170) even for Т  300 К. So the remainder kTexp(-F/(kT)) amounts to ~ 10-77F. 


This serves as an argument to call the quantity V = 2F the total depth of the potential well of the ensemble of е- possessing in the conductivity zone the Fermi-Dirac distribution  f()  at temperatures T < T of degeneracy. Clearly, it suffices to perform calculations of the parameters of the electron gas localized in a metal by integrating expressions containing  f()   with   the     limits 0    2F  for all T < T of melting. 


By the way, this assumption also corresponds to the quantum-mechanical relationship between the e.v. of kinetic and potential energies,  Ек and U, respectively, of  е-, localized in bound neutron-neutron states and exhibiting homgeneous in  r  Coulomb interaction with the pointlike charges of the nuclei [27,28], Ек = -U/2 = -Ze2/2rav., which is manifest, also, in the ensemble of  е-     of the conductivity zone, localized in it by their Coulomb interaction with the charges of ions and electrons.  


Thus, with account of the average velocity of excited electrons of the conductivity zone   v  being obviously close to   vF [33]  for a concrete metal, for instance, copper  with  its  N = 8.46·1022 cm-3, vF = 1.25·108cm/s (F  = 4.4 eV) at Т = 300К will be  
 = 0,0041. And estimation of    yields   4.4·1028 е- cm-2 s-1.

 
It is useful to pay attention to the following interesting facts, already revealed by experimentalists, even before calculatiing the effective cross sections of energy transfer to UCN by electrons. 


Two decades ago the authors of ref.[36], in experiments with copper vessels-traps at T = 300 K, were the first to measure the dependence of the number of UCN(t) inside the vessel and the number of neutrons, n(t), leaving it, as well as the energy  εn   outside the vessel.   

 
The behaviour obtained of  N(t)  turned out to be synchronous with the behaviour of  n(t), and the values of N slightly exceeded those of n.  


The result of measurements of the energy  εn  of the neutrons, that left the vessel is no less interesting and important. Its experimental value was within the limits 0.0002 ≤ εn ≤ 0.025 eV, i.e. practically all the neutrons, that penetrated the walls of the vessel, transformed from UCN into thermal neutrons.  


The authors of ref.[36] arrived at the conclusion, that all the results of their measurements were consistent with an increase in the UCN energy up to εn  (0.0002 – 0.025) eV due to a single collision in the reflecting layer of the trap. 

 
In the experiments of ref.[37] the authors succeeded in measuring the temperature dependence  n(T)  of the number of UCN leaving the trap. Here,  both in the case of degassed and in the case of not degassed internal surfaces of  the vessel, n(T) increased linearly with T. 

7.3. THE INTERACTION OF ENERGETIC ELECTRONS WITH UCN

We shall now deal with estimation of the energy, that an  е-  of the conductivity zone is capable of transferring to a UCN in a single collision. Here, the interaction between an  n  and  the  e-  is, naturally, only magnetic.  To obtain the exact expression for its energy  U  is complicated by the absence of any such precise, like in the case of the electron, definite structure of interneutron current contours. 

Nevertheless, taking advantage of the accurately measured neutron magnetic moment  μn = 9.662·10-24 erg/Gs and, simultaneously, of the smallness, as compared with the big radius of the electron torus,  R = 3,8706·10-11 cm, of the root-mean-square neutron radius ~ 0.8·10-13 cm [38], and, also, of the exact expression for the strength of the magnetic field, H, created by the electron in all space, this difficulty is readily overcome. 


The components of  H [30] (in a cylindrical reference system) are known to be 

Hz = (e/(R)((R + r)2 + z2)-1/2 ){[(R2 - r2 - z2)/((R-r)2 + z2)]E(k) + K(k)},


Hr = ez/(πRr)((R + r)2 + z2)-1/2){[(R2 + r2 + z2)/((R - r)2 + z2)]E(k) - K(k)},


k2 = 4Rr/((R + r)2 + z2),
(50)


Then, U of the magnetic ne-interaction can be expressed in the form of the scalar product of the vector  μn  and the vector of the magnetic field due to the electron, H. Naturally, here, with account of quantization of the total spin of both interacting fermions, the admissible (like in the case of positronium) mutual orientations of  n  and  е- are only coaxial or coplanar [29]. Thus, of   the components of the magnetic field of the electron (50) only   Hz.   is required. 


The largest energy transfer to a UCN from an excited electron of the conductivity zone of, for example, Cu of the vessel, will, naturally occur from an  е-,  that   is   on   its   highest   level     = 2F (с ve = 21/2vF = 1.77·108cm/s), if it is reflected from a UCN that penetrated into the surface layer of the wall in a direction opposite to the initial vector   ve.  Then, the momentum transferred to the  n  «at rest» will be  pn  3.22·10-19 g cm/s, and the respective  n  0.0193 eV will be close to the maximum energy value, measured in ref.[36] for UCN, that left the vessel.  


Owing to the radius of the electron's torus, R, exceeding the root-mean-square radius of tN will be more effective in the case of coplanar interaction, since in this case the maximum value of  Hz,  in which the  n  can happen to be (in the vicinity of the current torus of the е-),  is   approximately two orders of magnitude larger that the value achievable in the case of coaxial interaction, and, moreover, during coplanar revolution about a UCN not only does the interaction strength increase, but, also,  the interaction time of the neutron with the segments of the  е-  torus closest to it. 


Both quantum-mechanical and classical, similar to the calculation by Rutherford of the scattering of an -particle by the Coulomb field of a nucleus, calculations of the effective cross section  ne  are complicated by the absence of analytical solutions of both the wave equation and the equation of motion of an electron in the magnetic field of a UCN.   

 
But classical (following Rutherford) estimation of   ne    with the aid of a computer is easy.  


In expression (50) we set (coplanar interaction) z = 0, and we denote the distance between the centers of UCN and  e-  by  r. Then, the equation of motion for a non-relativistic electron travelling around a UCN will be the following: 

 
(m/2)(r' 2 + r2 d/dt) - en/(R)[E(k)/(R - r) + K(k)/(R + r)] - mv02/2 = 0, 

                                                     k2 = 4Rr/(R + r)2
(51) 


From the conservation of angular momentum for an electron, the impact parameter of which equal d, it follows that  mdv0 = mr2d/dt,   and subsequently d/dt = v0d/r2. Passing in (51) from differentiation with respect to time to  d/d and (expressing dr/dt = (dr/d)d/dt = rd/dt),  we transform it into

r2 - r4/d2 + r2 - 2en/(Rdv02)[E(k)/(R - r) + K(k)/(R + r)]r4 = 0,

from which 


r = (r/d)r2 - d2 + 2en/(Rv02)[E(k)/(R - r) + K(k)/(R + r)]r21/2
(52)


Setting  in (52)  r = 0, we find the minimum distance   rp of  е- from the UCN on the trajectory, along which it travels about the UCN, from the expression


rp1 + A[E(kp)/(rp - R) - K(kp)/(R + rp)]1/2 = d,  where kp2 = 4Rrp/(R + rp)2 ;
A = 2en/(Rmv02) = 2.707·10-12 cm for  е = 2F ;  

                                       A = 5.414·10-12 cm for е = F 
               (53)


From (52) and taking into account the symmetry, with respect to the straight line containing the radius-vector  rp, , of the trajectory of the revolving electron we find the electron revolution angle        around the UCN:

 = 2d
[image: image17.emf]∫

r

p

∞

r[r2 - d2 + Ar2[E(k)/(r  - R) - K(k)/(R + r)]]1/2-1dr.
(54)


The main part of the entire revolution angle       is found by numerical integration of (54) within the interval  rp +   r  rm.


Calculation  of    values  within  the  intervals   rp  r  rp +  (  rp)  and      of    on 
rm    r    is performed analytically with the aid of the easily found expressions  


 = (4d/rp)(/F(rp))1/2 ,
(55)



F(rp) = 2d2/rp + 2Arp2K(kp)/(R + rp)2 - E(kp)/(rp - R)2 + R/(R + rp)2 [2/(rp - R) +


+ 2(lnp -1)/(rp + R) + (rp - R)(3/2 - lnp)/(R + rp)2],
(56)


lnp = 4/kp ; kp = (rp - R)/(R + rp) и  = 2d/rm.
 (57)


Before each integration (54) it is naturally necessary to find from (53) the necessary pair of concrete values of  d  and   rp.  


The momentum   pn   transferred to the UCN after calculating the quantity    for each pair of  d  and   rp  is  pn = 2pecos( -/2).

The set of complete revolution angles       was  found [33] for the minimal  (f)  and maximal   (2f)   from all possible energy values of the excited   е-  in the conductivity zone of copper. The results are presented in Table 3. 

е = 4.4 eV
е = 8.8 eV 

	1011rp,cm
	1011d,cm
	, rad.
	cos( -/2)
	1011rp,cm
	1011d,cm
	, rad.
	cos( -/2)

	4.765
	5.6016
	6.954
	0.94
	4.524
	5.14042
	7.045
	0.928

	4.77
	5.6017
	6.359
	1
	4.525
	5.14043
	6.65
	0.983

	4.8
	5.6031
	5.437
	0.91
	4.527
	5.14045
	6.223
	1

	4.96
	5.6362
	4.4
	0.59
	4.54
	5.14085
	5.314
	0.893

	5.2
	5.7483
	3.875
	0.36
	4.58
	5.1419
	4.54
	0.645


Table 3 

As one can see, the range of impact parameters d, within which the UCN momentum   pn,  received from the   е-,  exceeds  1,8 pe,  in the case of an electron energy equal to 4.4 eV amounts to d 1.6·10-14cm, and when  е = 8.8 eV,    d  4·10-15 cm.


The respective known effective cross sections, of the form ne  2dd,  will be ne  5.6 б for  е = 4.4 eV  and   ne 1.3 б for 8.8 eV. 


Thus, ne for the scattering of real electrons on UCN exceeds the cross sections of inelastic interactions with them of the atomic nuclei of materials used for storing UCN. Moreover, the    flux density of    е-    capable of heating UCN,    = 4.4·1028е-cm-2s-1,  is superior to the flux density of nuclei by nearly 3 orders of magnitude. 


We shall now estimate the probability  wne  of a UCN being heated in a single reflection of it from the surface layer of copper (the thickness of which, as it is known, is  l  10-6 cm [39])

wne = net1 ·1/4
                             (58)


The factor ¼  in (58)  reflects the fact, that the effective heating of UCN proceeds only in one of the  4  ne-interaction  channels  –  the mutual attraction of particles with coplanar orientation of their moments;  t1 = 2l/vУХН, (vУХН  2.5 m/s is the average velocity of a neutron within the interval  t1 – the time it is present in copper during a single reflection). 


The exponential increase of the denominator in  f() with the growth of  -F for all excited (with   F) levels of the conductivity zone already when  -F  2.94 kT = 0.076 eV leads to an order-of-magnitude reduction of   f(), which turns out to be equal to 0.05, instead of  f(F) = 0,5. For this reason most of the excited   е-   have velocities  ve = vF +  (  vF). 


Then, at  Т = 300 К   wne = 0.25∙5.6∙10-24∙ 4.4∙1028∙2∙10-6/250  4.9∙10-4. 

        Hence the limit number  N( of  UCN reflections, at their  Т  300 К,  from the clean walls of a copper trap,  after achieving which  the probability  W  for a UCN to acquire   n  0.008eV in the subsequent collision and to leave the storage volume is  W = N wne = 1,  turns out to be  N  2000, and this is an upper estimate, i.e. the heating with n 0.008 eV was not taken into account in this estimation.    

         The calculations, presented above for ne-interaction, with account of the real structure of the electron lead to the same dependence, proportional to the temperature  T  of the walls of the copper vessel,  being exhibited by the intensity of UCN heating, which was measured for a broad range  of  Т (50-300) К  in ref.[37].


The experimental and calculated  ranges of energies, acquired by UCN in a single collision with the wall of the copper vessel, n (0.0002 – 0.025) eV [35] and  n   0.02 eV [33], respectively,  practically coincide.


The experimental UCN storage time [35, 36] and the time estimated by calculations are also close to each other. Thus, in a Cu trap [36] the measured  t = 23 s, while the calculated  t ~ 2000·l/v ~ 2000·10cm/250cm s-1 ~ 80 s (exceeds  texper. by only a factor of  ~ 3.5). 


Here, it is necessary to stress the experimentally demonstrated high efficiency in achieving storage times t, comparable to the   n   half-lifetime, by optimization of the shapes of  the inner volumes of  solid-state traps, mentioned in Chapter 7.

 
The limit number of collisions of each UCN with the walls of Cu traps is N ~ 1400 [36], and the measured value differs little from the calculated N  2000 [33], presented above. 


All this provides grounds for considering the role of magnetic ne-interaction in the heating of UCN, stored in metal vessels, to prevail over other similar factors.  


The most essential reasons for underestimating UCN heating by excited  е-  from the conductivity zone of metal vessels in earlier theoretical works are, obviously, the following.


The main reason consists in the authors of the estimates assuming the amplitude of magnetic ne-interaction to be equal to the classical electron radius r0 = 2.82·10-13 cm. But, as we saw, its estimated analogue d  4.5·10-11 cm is by orders of magnitude larger. Besides this, not taking into account the aforementioned flux density        could significantly reduce the value of  wne  being estimated.  

 
As to dielectric UCN traps, in spite of the smallness of    ne   for  transferring energy to UCN from the electrons of the outer shells of atoms of the dielectric, owing to their flux density being nearly 3 orders of magnitude higher than  ,   quantitative quantum-mechanical
investigation of the UCN heating efficiency in such traps by electrons is also important. Regretfully, such studies do not exist, yet. 

CHAPTER 8. 
ELECTRONS AND THE NATURE OF SUPER-ROTATION OF 

THE UPPER ATMOSPHERE OF THE EARTH [40]


We have already mentioned above the reliably established fact that the path lengths of electrons in any media are many times superior to the path lengths of other charged elementary particles. This property of  the  e-,  exhibiting an enormous spread of charge along the superstring-ring with its length of 2πR ~ 2.4∙10-10cm, is natural. But precisely this spreadout of the circulating charge makes the magnetic moment   μе = eR/2  also enormous. So, the superiority, demonstrated in the preceding section and at first sight seeming paradoxical, of the cross sections of magnetic interaction of the electron with ultracold (nearly at rest) neutrons even compared to proton   interaction cross sections with UCN is also natural.    


The combination of record   e-   path lengths in media together with its abundance in nature was especially strikingly manifested in its capability of being the main factor, creating the uniquely beautiful discovered not long ago (about 30 years ago) open stable West-to-East super-rotation of a layer of the Earth's atmosphere at enormous heights within the range of  hє(200-400) km above the surface of the planet [41].  The angular velocity   ωsr   of super-rotation of the air, which is essentially larger than the angular velocity of the Earth's rotation,  ω
[image: image18.emf]⊕

    , and other parameters of the phenomenon are presented in the Table, given below and compiled of fragments from monograph [41]. 

Parameters of the super-rotation layer

	h(km)
	200
	250
	300
	350
	400
	Comments

	ωсв/ω
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N(of all particles/cm3)

Nе-/cm3

lsr. path length (cm)
	1.1

109,86

105,4

104,3
	1.2

109,3

105,7

104,7
	1.3

108,9

105,9

105,1
	1.4

108,5

105,75

105,45
	1.1

108,1

105,6

105,8
	[41, p.180]

[41, p.179]

[41, p.193] (day time)

[41, p.179]


Table 4
(Here ωs/ωear  is the ratio of angular velocities of rotation of particles of the layer, ωs , and of the Earth's rotation, ωear).. 


Clearly, formation and conservation of the measured stable super-rotation can be provided for by the following factors, that are no less stable: 


First, this is the stable ionization and radial polarization of all the Earth's atmosphere, created by the ultrarelativistic particles of  galactic cosmic rays (CR) [40], and also its ionization by solar CR and the flux of photons from the Sun, which we shall call the solar projector (SP).  From measurements of the vector of the geoelectric field   Е , created by the polarization  at heights of the super-rotation layer [42, 43], it follows that its vertical component    Еz   is close to   2.5·10-4 V/cm,  and its value near the equator is an order of magnitude larger, than the horizontal components. In ref. [44] the absolute value of   Е  was measured for average latitudes to be   ~10-3 V/cm. This makes it possible to estimate the quantity    Ег  ~ 0.00025 V/cm for the near-equatorial layer of super-rotation. 


Another stable factor is the dipole geomagnetic   Н   with its absolute value at the surface of the planet 0.3 Oe < Н < 0.65 Oe, directed from South toward North in the near-equatorial region. With account of  the measured at h є (300-500) km and latitude ~50° [45] Н зоо ~ 0.3 Oe (here at h = 0 Но ~ 0.5 Oe) it is natural to expect Нзоо ~ 0,2 Oe, directed from South toward North. 

 8.1. IONIZATION AND POLARIZATION OF PLASMA IN THE SUPER-ROTATION LAYER
As it is known, a CR particle, arriving from cosmic outer semispace and entering the outer atmosphere, generates an enormous  (~ 105 – 107) number of charged shower particles [46]. Here, the average velocity of particles in the cascade is directed toward the Earth. The actual name «electron-photon shower» of the phenomenon, generated by ultrarelativistic CR particles, reflects its main physical property accurately.  Its essence consists in that both  е- , exhibiting path lengths 1-3 orders of magnitude larger than positive cascade ions, and photons with their path lengths exceeding those of electrons by 1-2 orders of magnitude [46], arrive at the level of the measuring device from height ranges, where they were generated, Δhe and Δhhv, respectively, that are 1-5 orders of magnitude larger than Δhio. And the photons with  hv ~ tens of MeVs via additional generation of energetic  е- , directed toward the Earth, amplify even more the polarization process with   Е  directed toward the Earth's center.


But 99% of the CR particles (protons,  α-particles, electrons and others) are positively charged. Probably, this is the obstacle, that has hitherto blocked the idea of their actually  generating an enormous negative current toward the Earth at its surface,  which is known to be ~1800 е-/cm2. Wilson's hypothesis [47], that the Earth's stable  charge  Q
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 = -5.57·105 C is maintained by the thunderstorm mechanism, is still considered to be correct. Most likely, the fact that stimulated  origination of Wilson's hypothesis was the sharp increase in the measured strength of the geoelectric field   Ег  at the Earth's surface, when a cloud during a thunderstorm formed over the measuring device. At first sight, indentification of the increase in   Ег  with   the growth of |Q
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| is correct. But the increase in  Ег  is due to  the cloud in the  Er ~1.3 V/m, that already existed before the cloud appeared and that was directed toward the Earth's center,   transforming into a vertical dipole with positive charges at the bottom and negative charges at its upper boundary. As a result, the value of  Ег  measured under (but not above) the cloud turns out to be drastically increased, but this does not alter Q
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. Moreover, when  Ег  increases up to the breakdown level (the appearance of lightning), the lightning transfers to the Earth's surface precisely positive, but not (like according to Wilson) negative charges. Thus, the thunderstorm mechanism is not a mechanism that enhances the Earth's charge, but one that discharges it. It is a consequence, and  not the cause of the origination of  Q
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.

 
The atmosphere is incomparably more effectively ionized by the photon SP, which  essentially pertains to CR, but is usually studied independently. The observed daytime density of charged particles in the ionosphere layer at h = 130 km is known to be  Ne130 = 2∙105/cm3, while the night-time value  Ne130 = 5∙103/cm3 [48, p. 17, fig. 1.2], and at the same time the density N  of all particles  at the same height both in daytime and in the night exhibits a close-to-standard value 

 [49, p. 1003]. At night, the SP does not affect the atmosphere, but because of this one cannot ignore its influence both in  daytime and, also, during twilight, since the SP flux power  ~ 0.1373 W/cm2,  while in the case of CR it only amounts to  0,274·10-9 W/cm2 [46]. The SP  increases by many times the density of ions in the atmosphere as compared to the density created by galactic CR, and thus during daytime it sharply increases the efficiency, with which the atmosphere is made to take part in the super-rotation. On the basis of the above, the conditions in the middle of the low-latitude super-rotating layer of the upper atmosphere (at a height   hc – 300 km) can be considered to be the following:   Ег = -2.5·10-4 V/cm, the absolute value of the North-to-South Н ~ 0,2 Oe. The densities Ne = 7.94·105/cm3 and N = 7.94·108/cm3 (Table  4).
 8.2. THEORY OF PLASMA DRIFT IN CONSTANT TRANSVERSE RADIAL ELECTRIC, GRAVITATIONAL, AND SOUTH-TO-NORTH MAGNETIC, GEOFIELDS 


Thus, measurements (Table 4) show that the concentration of charged particles  in the super-rotation layer amounts to   ~0.1 % of all the particles, while their average path lengths are quite significant (~1 km). At the same time as the light  е-  there are present in the plasma, besides  р+, also heavy ions of average mass тср = 23.73 а. е. =  4.92∙10-23 g [49]. Therefore, in the equations of motion we shall take into account both Lorentz and  gravitational forces. As the origin of the reference frame we shall choose the point, at which at the moment of time t = 0 there was produced (via ionization by a neutral particle) a particle of mass  т  and charge  е.  The Ox-axis   will be directed along both vectors  Е and g toward the Earth's center (the absolute value of          g = M
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G/r2 (r = R
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 + h)), the Oy axis along the parallel to the West and Oz along the vector Н toward the North. We shall denote  Hz and E  by Н and Е, respectively. 


The equations of motion for nonrelativistic particles will be


d2x/dt2 = еЕ/m + g + ωdy/dt,  d2y/dt2 = -ωdx/dt 
 
(ω = еН/mс, c is the speed of light),
(59)

            In (59) only motion in the xOy is taken into account, owing to the r-components of the Lorentz and gravitational forces being equal to zero in the near-equatorial latitudes. If the initial data are  х0 = у0 = 0 and vx0 = αω, vy0 = βω,  the complete solution of (59) is 


х = (еЕ/mω2 + g/ω2 + β)(1 - cosωt) + αsinωt, 


у = (еЕ/mω2 + g/ω2 + β)sinωt - α(1 - cosωt) - (еЕ/mω2 + g/ω2)ωt
(60)

The components of the particle velocity corresponding to solution (60) are the following:  


 vx = (cE/Н +g/ω + βω)sinωt + αωcosωt, 


vy = -cE/H - g/ω +(еЕ/mω + g/ω + βω)cosωt - αωsinωt.
(61)

The solution also involves the properties of the so-called drift current of charged particles, which is realized in the case of Е = 0 in transverse magnetic and gravitational fields [50, 51], and of the electric drift [52, 53] in transverse Н and Е (for g =0). 


We shall proceed to analyse the complete set of trajectories (60) and velocities (61) starting with a traditional step  –  searching for the equilibrium trajectory. On the basis of the equilibrium velocity being constant along the sought trajectory, we will find its  value.  Consider  the  initial vx0 = 0 (i.e. α = 0), and vy0 = -(cE/H + g/ω) (β = -(е/ω2)(Е/m + g/e)). Substituting them into (60), we obtain the trajectory х = 0 and у = -(сЕ/Н + g/ω)t = v0t. That  the straight linear drift trajectory of a concrete ion with   vxO = 0 and vy0 = -cЕ/Н – g/ω is indeed an equilibrium trajectory is obvious. To verify this we substitute  dy/dt = -сЕ/Н - g/ω into d2x/dt2 (59). The total force per ion on the trajectory actually turns out to be zero. 


We shall now calculate the velocities averaged over time for charges formed with any initial velocities αω and βω.  Integration of (3) over time yields the value   vcp = vycp = -сЕ/Н - g/ω = vy0 for any particle in the plasma of the layer.  


Thus, all the charges of the layer have vycp = -сЕ/Н - g/ω. The contribution to it from the electric drift, -сЕ/Н = -1.25 km/s, is invariant. It is readily seen, that it depends neither on the value and sign of the charge, nor on the particle mass [53, 40]. Moreover, it does not depend on  αω or βω, either. The contribution of the drift current,   g/ω = -cmg/(eH), is not invariant, as one can see. But, owing to  -g/ω ~ -15 cm/s for an ion of average mass in the conditions of the  layer,  and  to  -g/ω ~ +3∙10-4cm/s for an electron, the influence of gravity on the drift can be neglected with a relative precision not worse than  ~ 10-4. 


Thus, the flux of the plasma drifting in the conditions, indicated above, of the super-rotation layer has a constant eastward velocity , equal to  ~1.25 km/s. We additionally note that for a particle with an initial velocity vy0 = -сЕ/Н + δ (δ > 0 and |vy0| >> δ), its equilibrium trajectory with account of gravity, given an adequate value of  δ , transforms  into a circle around the Earth of radius  ~ R0+ 300 km.  


We also consider elastic and inelastic collisions of charges with neutral particles. After a consecutive collision a charge loses part of its momentum to a neutral particle and in little time its west-east drift is automatically restored. The automatic restoration of the absolute value and direction of the average momentum occurs during a short time interval ∆t ~ π/(2ω). Even for   N+   it  only amounts to ~0,05 s. The momentum, transferred to neutral particles,

Let us estimate the total drift energy of the charges, contained in 1 cm3  in the middle  of the super-rotating layer of the atmosphere, where (Table 4) the density of ions  Ne = 7.94∙105/cm3  and the density of all the particles  N = 7.94∙108/cm3.  With  account  of  the  mass  of  particles   тav = 4.92 ∙10-23 g and the aforementioned invariant average drift velocity   vy – -1,25 km/s the average density of the drift energy E3оо of charged particles at this height will be Езоо~Nemav.v2y /2 = 3.05∙10-6 erg/cm3.


Now, let us compare it with the energy density of the measured [41] super-rotation Esr  of all the particles in the   cm3   dealt with,  

Esr= Nmav.v2se/2 (vsr = 0.3ω
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 + 300 km) ~1.46∙104 cm/s),   

equal to  Esr300 ~ 4.13∙10-6 erg/cm3.


As we see, the energy density of the drift in a unique direction of only charged particles at  h = 300 km, in fields Нзоо = 0.2 Oe and Е300 = 2.5∙10-4V/cm,   Езоо ~ 3.05∙10-6 erg/cm3 differs by only  ~35%  from the energy denstiy of super-rotation of all the particles  of  the  layer,  equal to  4.13∙10-6 erg/cm3. Moreover, as it was shown above, after an interval  ∆t < 0.05 s   the energy of the charged particles and the absolute value and direction of their average momentum are always restored to their invariant values. (Naturally, additional energy of the geoelectric field  Е   is  provided by CR).  


This confirms the capability of the uni-directional flux of drifting charged partticles of this ionospheric layer to effectively drag all its neutral particles, also, into the west-east motion.  


We note, in addition, that the unique velocity and equal densities of  positive and negative   charges in the ionosphere exclude the possibility of their drift influencing the geomagnetic field. 


Thus, with account of known experimental data on the horizontally directed magnetic and vertical electric and gravitational fields, and, also, on the particle  densities   Ne   in the plasma  and on the neutral particle density  N  in the near-equatorial super-rotating layer of the Earth's atmosphere at its heights of  200 < h < 400 km and with the aid of the obtained complete solution of equations of motion for charged particles, the mechanism has been found of dragging, in these conditions, all the particles of this layer of the ionosphere into a uni-velocity eastward motion. The drift is due to ionization of the layer and its simultaneous polarization and generation within it of the geoelectric field, realized by CR and SP.  


To once again confirm that the proposed super-rotation mechanism is adequate, we shall compare observational data and calculations, performed here. The height  h = 300 km above the Earth's surface of the only maximum in plasma density in the atmosphere,  Ne = 7.94·105 /cm3, and the height of the middle of the narrow interval of super-rotation heights  200 < h < 400 km, coincide exactly. The heights of both boundaries of the super-rotation layer are also consistent with the above mechanism. Below 200 km no drift is possible owing to the smallness, and above 400 km owing to the practically complete termination of   Е   generation by CR, due to the number of  the  atmospheric particles being insufficient for such generation above 400 km. Thus, namely the uni-velocity flux of drifting charged particles of the ionospheric layer creates and stabilizes the measured super-rotation of the upper atmosphere [41]. 

CHAPTER 9.
 EJECTION  OF SLOW NEUTRONS IS MOST PROBABLE MECHANISM 

                               FOR FORMATION OF THE SOLAR WIND AND CORONA[54].
              (JINR Communication, Р4 – 82 – 41, Dubna, 1982)


Experimental data on the velocity of the solar wind (SW), obtained in recent years with the aid of the space devices (cosmic apparatuses) «Prognoz» [55]; «Mars-7» and «IMP-7» [56], «Pioneer-10» [57] and «Pioneer-11» [58] at distances from the Sun of 1-17  a.u., contradict the predictions of hydrodynamic theory (SW) [41, p.229].  Instead of the velocity increasing with the distance from the Sun, as predicted by theory, the measured velocity is practically constant throughout the entire range of distances. It is easy to show that any particle subject only to gravity, but not to magnetohydrodynamic collective effects, and ejected from the Sun with a velocity of   ~700 km/s should exhibit a velocity of about  350 km/s at a distance of 1 a.u. from the Sun, and, then, it should further remain practically constant, like the velocity of the solar wind. 


The measured values of the wind velocity are, moreover, surprizingly stable. During many months and years they remain within the narrow range of  300-950 km/s, and at each given moment of time the spread of particle velocities at a fixed site does not exceed ~ ±50% [55].


The above gives rise to the idea, that, first, the energy of leaving wind particles is weakly altered by magnetohydrodynamic waves far from the Sun, while the main part of energy is transferred to each particle close to the Sun or actually inside it. Second, the mechanism of particle  ejection is little subject to the influence of solar activity.       


Both of these properties are peculiar to the neutron mechanism of a hot corona and solar wind formation, which, even though being a nuclear mechanism, does not possess those negative characteristics that led to rejection of  the corona heating mechanism based on the nuclear decay of radioactive elements [59].   

 
Both the solar corona and solar wind are known to consist nearly entirely of protons and electrons. At the same time, free neutrons decay (with a half-life of ~700 s) precisely into the indicated particles and into practically nondetectable electron neutrinos. Moreover, neutrons possess a unique, as compared to other corpuscules, capability of penetrating both layers of matter and transverse magnetic fields. Owing to this property, only neutrons can leave the Sun, even if they are produced at a certain depth under its convective surface layer, while even strongly accelerated protons and electrons can only be ejected from the solar surface and only from those regions, where the magnetic force lines leave the Sun for infinity.    

 
The concrete mechanism of production and ejection of slow monochromatic neutrons from the surface part of the convective solar layer cannot be identified yet, since the physical conditions in this layer are not known sufficiently well. But that its influence is essential can be understood from the following.   


There exists, for instance, the endothermic reaction  Т(р,n)3Не  on tritium, which in terrestrial conditions is used [60] for generating monochromatic neutrons, including neutrons with energies of several hundred eV. The threshold energy of the generating protons is not high: 1.019 MeV. It cannot be excluded that in the outer ( ~1000 km thick) weakly ionized part of the convective layer, which contains both protons and tritium nuclei in abundance, while the density decreases along the radius starting at the center of the Sun from  ~10-7g/cm3 practically down to zero, there exists a weak electrostatic field, similar to the well-known field in the Earth's atmosphere, directed toward to center of the Sun. Then, in a sublayer many kilometers thick, in which the free path range of protons is sufficiently large, the protons will be systematically accelerated toward the center of the Sun, while the neutrons, generated by the protons, with velocities directed from the center of the Sun will have energies of precisely several hundred eV, capable of providing for the solar wind, if the proton energy is not too large. 


The neutrons, ejected with such energies, before decaying penetrate without obstacles through the surface transverse magnetic fields and, decaying, form the solar wind.  


The protons, that are produced in the decays and that receive, owing to the recoil effect, an additional momentum equivalent,  at  the  maximum,   to  an  enhancement  in  their  velocity  ~190 km/s, leave the Sun. On the other hand, the protons that in other decays receive recoil momenta, directed toward the Sun, fall onto it or remain in the corona. Precisely in the same way, approximately half of the decay electrons start leaving the Sun with velocities close to the speed of light, while the other half remains. However, the effect of radial polarization of proton-electron plasma of the wind leads coherently to rapid equalization of the velocities of the departing protons and electrons, and the proton velocities increase at the maximum once more by  ~190 km/s. The polarization effect also leads to the flux capturing a small amount of other positively charged particles.  


It is readily seen, that the wind velocity ~350 km/s, observed in the vicinity of the Earth's orbit, will occur, if the initial departure velocity of neutrons from the Sun  amounts to ~360 km/s, and if the main dynamic factor determining the motion of the wind particles is their deceleration in the gravitational field. The concentration of wind protons, ~5 protons/cm3, observed near the Earth, corresponds to the neutron concentration at the Sun's surface, equal  to  2·105 n/cm3, and to their radial flux,  equal to 1013 n/cm2·s. The fluxes of such neutrons from known reseach reactors, are approximately two orders of magnitude larger than the indicated flux.  

Decay protons, electrons of lower velocities, and part of the neutrons, that did not decay and that have velocities close to the velocity of circular orbital motion around the Sun, form the corona with its uniquely possible in these conditions temperature of several million degrees. 

CHAPTER 10. 
 THE DIVERSITY OF PROCESSES INVOLVING ELECTRONS IN THE OPERATING RESONATOR OF A MICROTRON [63]   


At the end of 1964 and the beginning of 1965, a new source of short bursts of neutrons, the pulsed booster «IBR + microtron», was put into operation  in the JINR Laboratory of neutron physics. 


The project of its electron injector – the microtron accelerator – was designed and realized in 3 years (1961 – 1964) in the JINR Laboratory of neutron physics [63] under the scientific leadership of F.L.Shapiro by the author of this book and LNP colleagues together with colleagues, led by S.P.Kapitsa, from the Physcial laboratory of the Institute of Physical Problems of the USSR Academy of Sciences.    


Pulses of electrons, accelerated in the so-called microtron mode (with a field strength of the accelerator magnet H ~ 2200 Oe) up to an energy of 30 MeV, with the achieved (record for microtrons) current of 60-80 mA, duration of 2 µs and repetition rate of 50 Hz were extracted from the accelerator chamber. On the uranium target, established at the center of the core of the pulsed reactor of periodic operation mode with fast neutrons (IBR), precisely at the moments of maximum reactivity the electrons generated short pulses of neutrons. 

 
The amount of neutrons generated during the pulse by electrons, incident upon the target, was multiplied by the subcritical core of IBR by a factor of 100 – 200 with the  pulse  of neutrons, arriving from the core,  exhibiting a duration  τn ~3-4 µs.   


It would be impossible not to note the set of processes due to the electrons, that accompany the main process, namely, their acceleration by the powerful microtron microwave resonator. Many of these processes, revealed and studied even before the tuning of the microtron, led to significant reduction of the injector operation efficiency in the booster.  

 
The resonator, made of oxygen-less copper, serves in the microtron as the sole  unit,  accelerating electrons. The conditions, in which it operates, are extremely harsh. Thus, with an inner volume of less than 100 cm3, it has to endure the amplitude of the accelerating tension of the microwave field between the internal entrance and exit plane copper surfaces (separated by a gap  of  ~ 2 cm)  ~ 1 MV. At the same time, the end, 4 mm in diameter, of the cathode, made of lanthanum hexaboride  (LaB6) and subject to heating up to  ~1500oС, comes through an opening   in the plane cathode top nearly up to the level of its plane inside the resonator. 

 
By the way, in all previously known microtrons the cathode was heated by direct ohmic heating with current amplitudes of ~10 А, that caused noticeable perturbations in the magnetic field of the accelerator and heating of the cathode top, which complicated operation of the resonator.  Instead, following the author's idea,  an electron projector from a thin incandescent tungsten spiral, also ~ 4 mm in diameter, heated by a weak current, was applied. The center of the spiral was located on the same force line of the magnetic field, that crossed the symmetry axis of the cathode, at a distance of 2.2 cm from it (to be more precise, from the median symmetry plane of the magnetic field of the accelerator). The spiral operated in a constant potential  -600 V of   field strength  Е  directed alont the aforementioned force line of the magnetic field  H, and the total current of the electron projector from the spiral to the cathode did not exceed 0.1 A. Thus,   multiple reduction was achieved of the distortions of the sole (critical) fragment of the working  region of the accelerator magnetic field (in the vicinity of the resonator), through which all the trajectories of the accelerated   e-  pass, but, also, multiple reduction was achieved of the heating power of the resonator's cathode top. This both enhanced the duration of reliable operation of the cathode up to 500 hours and, at the same time, reduced the losses  of  accelerated e-.

 
Moreover, we succeeded in significantly increasing the electric strength of the resonantor by subjecting it to electro-polishing and annealing in vacuum at a temperatures of  670 – 770 К during  ~ 3 hours. 

 
But the most difficult problem was due to the inevitable bombardment of the inner plane of the cathode top by ballast electrons emitted by the cathode, which after the first semirevolution inside the resonator could not find their way out through the second exit opening in the top, intended only for   e-   capable of being accelerated up to the last (30-th) orbit. The fall of each electron falling down onto the plane of the top, accompanied by emission of secondary   e-  , created a total electron avalanche, that caused erosion of the narrow (of width < 2 mm) ribbon of the top.  

 
Only this inter-resonator avalanche of   e-   was the cause for the origination in the resonator of the following improbable, at first sight, phenomenon.


The action of a single pulse of electrons emitted by the cathode, accelerated up to ~ 0.1 Me, Vand falling onto the inner plane of the cathode top of the resonator, even without account  of  the influence on it of secondary electrons appearing during the same pulse, heats a narrow (< 2 mm) copper ribbon of length  ~ 4 cm and of insignificant thickness. 

     Estimation of the thickness of the ribbon layer, d1/2, within which during a single pulse (~2µs) the dominant part of the energy of the  e-, falling onto the plane of the top, is released, can be readily performed with the aid of the known expression [49, p. 958]  d1/2 = 0.095(Z/A)Eк3/2 g/cm2 (Z and A are the charge and mass numbers of the target nuclei,   Eк (MeV) is the  e-  kinetic energy  at the entrance to the copper). With its aid we find for Eк ~ 0.1 MeV  d1/2(Cu) ~ 0.0014 g/cm2. Hence the mass of a Cu ribbon with its density of   8.93 g/cm3, that is heated by a single electron pulse, amounts  to m ~ 0.01 g. We shall further estimate the average heat capacity of copper, CCu , within the temperature range between 20oС and the melting temperature of copper, equal to 1083oС,  from the data of ref. [49, p. 149]. It is  CCu ~ 1 J/(g∙oС). The heat capacity of the ribbon with its mass ~0.01 g will be  Cribb ~ 0,01 J/(oС) ~ 6.242∙1010MeV/ oС.

 
Then, under the natural assumption of the weak dependence of    CCu    of solid copper on pressure (the resonator operates in vacuum) we find the increase  ΔT , caused by a single e- -pulse,  in the temperature of the ribbon of the cathode top, bombarded only by electrons emitted by the cathode (without accounting for the avalanche of secondary e-), for each microwave pulse with  its  duration  of  2 µs. To this end we take into account that the current of electrons successfully penetrating through the opening, made only for the passage of  e-,  capable of being accelerated up to 30 MeV, exceeds 0.1 A. And the current  Iб   of  e-, bombarding the inside-the-resonator ribbon with a length larger by nearly an order of magnitude than the exit opening, is estimated to be   Iб ~ 1А.  


As a result, with account of the above estimated heat capacity of the ribbon its temperature rises during a single pulse by ΔT ~  2∙1012 MeV/6.242∙1010 MeV ~ 32 oС. Clearly, taking into account it being heated by the ballast electrons, also, would significantly increase the value of ΔT. 


Now, taking into account the short time interval of  Δt = 0,02 s  between adjacent pulses with their repetition rate of 50 Hz it is evident, that, when the booster starts operating, the increase in temperature of the ribbon by >32oС, achieved during each preceding pulse, will not have time  to decrease noticeably,  when the subsequent pulse  arrives after Δt = 0.02 s,  even in copper  cooled by water.  The temperature will continue to increase until the moment, when it reaches such a value Tmax, at which the transfer of energy from the plate to the copper of the water-cooled resonator becomes,  owing  to  the  large  Tmax ~ 1083oС, equal to its heating due to the bombardment by  ballast  electrons.  And this has been confirmed experimentally, as it was mentioned above. 

 
We succeeded in avoiding the avalanche of ballast electrons, due to the influence of the enormous strength of the electric microwave field on the plane surface of the plate inside the resonator and which caused sharp reduction of the operation reliability of the resonator,  by introducing the following insignificant, at first sight, small device into the shape of the top [63].  

 
On the inner plane of the cathode top from its cathode opening to the end of the ribbon plate subject to erosion (practically extended to the lateral wall of the resonator) a groove is cut with a width of 2 mm, slightly exceeding the erosion width, and depth of 4 mm. The result turned out to be surprising.    

 
The narrow (2 mm), but deep (4 mm) groove practically completely destroyed on its bottom the aforementioned strength of the microwave field Е, the amplitude of which on the previous plane surface of the cathode top in the resonator amounted to Еmax~ 0.5 MV/cm. The avalanche of secondary electrons, emitted by the ribbon of the preceding plane top, was completely terminated  in the resonator with the groove. This turned out to be evident already during the run of contimuous booster operation for neutron experiments, in which the microtron was operating with the resonator groove for the first time. In this run, the operation reliability of the booster increased drastically. Examination of the cathode top during preparation of the booster for the subsequent run for neutron experiments revealed  that both on the plane of the top in the resonator and on the entire bottom of the groove no erosion was to be seen.     

 
One more surprise: as we saw, the cathode plane of the resonator has at its center an exit opening and nearby an opening for the end part of the cathode, then in the direction toward the center of the microtron magnet a groove 4 mm deep proceeds nearly up to the wall of the resonator. The opposite plane top also has a main exit opening. In these conditions it seemed most expedient to round off all the rectangular boundaries inside the resonator and both the  openings and the groove of the resonator in order to enhance its electric strength.    

 
Multiple experimental tests of the reliability of the resonator with internal π/2-angled exit   openings and grooves  rounded off inevitably demonstrated that its electric strength in this case did not improve, but was reduced. After these tests we went back to sharp straight angles in both all three openings and the groove inside the resonator.    


The duration of the most recent runs of continuous reliable booster operation for neutron experiments amounted to  ~200  hours. The pulsed current of electrons of energy of 30 MeV, bombarding the target, was 80 mA, and somtimes it reached 100 mA.  


The total booster operation time for experiments during the period from 1964 up to July of 1968 amounted to nearly 3300 hours. By this time equipment started to arrive and to be assembled in the JINR Laboratory of neutron physics for the new – and by an order of magnitude more powerful – 2-nd booster «IBR-30 + LUE-40», designing of which started in 1966, immediately after operation of the pioneer microbooster «IBR + microtron» convincingly demonstrated its high efficiency in neutron-physical studies. 


After disassembly at the end of July 1968 our microtron was transported to the Uzhgorod State University (in the Department of nuclear physics of the Academy of Sciences of the Ucrainian SSR). There, after a short tuning period (with participation of the author) the microtron was in reliable operation for about 30 years (up to the end of the 20-th centuryt), retaining the record parameters of the beam of electrons accelerated for this type of electron accelerators.  

                                                             CONCLUSION 

Thus, the stucture of the electron in the form of a charge superstring-ring, triply quantized (its charge  -e, spin  ħ/2 and  magnetic flux  Ф0, penetrating its contour), in harmonic agreement with the doubled magnetomechanical ratio of the particle itself as compared with the ratio of its own orbital momenta, and its abundance in Nature, by many times exceeding the abundance of any other elementary particle, and the identity of the linear revolution velocity of its charge to the speed of light give rise to the idea that this structure is universal for all charged truly elementary particles. Moreover, this provides grounds for assuming the entire inertial mass, the particle spin and all other properties of the matter of the Universe to be due to a unique source  –  the equidistributed charge quantum  ±е  circulating in each elementary particle with the speed of light over the surface of the ring-superstring via the mass-forming quantized spin and stationary electric and magnetic fields. And it is obvious, that the only source of both magnetic and electric fields is the charge quantum  ±е.  In the electron, the diameter of the superstring-ring  2R = 2c(1 + /) = = 7.7412·10-11 cm is record-breakingly large. This (see Introduction) makes the concentration of both fields (magnetic and electric), forming  mas, and their total energy minimal, and thus provides for its record capability of penetrating through material media. 


The actually revealed  properties of the electron with its known charge  

 -e = -4.803242 ·10-10 cgse, and m = 9.109382·10-28 g,  and spin sz = ±ħ/2 are the following: 

the large radius of its superstring-ring R = 3.870575·10-11 cm and ln(8R/ρ0) = π/(2α) + 2 = 217.2564  (ρ0  is the radius of the cross section of its torus-superstring); its spin-forming  mass  ms = -eAφ (ρ0)/c2 = 4.544136·10-28 g;  the magnetic flux   Фz = -Ф0 = -πħc/e, penetrating its current contour; its magnetic moment   z = -9.29558·10-21 erg/Gs and magnetomechanical ratio  

                              z/sz = -(1+ α/π)e/(mc) = -1.002323e/(mc). 


As we have seen,  the unique property of the equidistributed density over the entire toroidal surface of the charge consists in its eternal circulation with the speed of light, +c or -c around the axis of the torus. It is the circulation that creates the spin-forming momentum of the charge, pφ= -eAφ(ρ0)/c (from (15) -eAφ(ρ0) = e2/(πR)[ln(8R/ρ0 ) – 2]) and the part of the electron mass formed by it. The remaining part of the mass   m   is contained in the stationary magnetic and electric fields created by the circulating charge.  


That the invariant product Rpφ = ±ħ/2 is realized not only in the electron and other leptons, but in all elementary particles, as well, and at the same time in complex particles (even with their total charge, equal to zero)   consisting of many subparticles,  naturally,  in  the  form   Sz = ± Nħ/2, also gives rise to the idea that the charge quantum ±e with its structure and properties, similar to those of the electron, always circulating with the speed of light over the surfaces of superthin tori with their  R = (1+ ά/π)e/(mpc) cm (mp is all the mass of the elementary particle), is precisely the unique foundation of the whole diversity of elementary particles and of all Nature. 


The first results of quantitative estimation of the role, hitherto not taken into account by the standard quantum-mechanical theory of atoms, played by the real structure of the electron and of its magnetic interaction with partners (Ch. 4 – 6), nearly completely ignored, convincingly testify to the following.  


The eigenvalues of corrections to the energy e.v. of atomic sublevels (Table 1) have  values, amounting to   Δe ~ 10-3 eV for the 1S- state of positronium and Δe~ 0.01 eV for the 1S-states of muonium and hydrogen. In the case of 2S-states the absolute values of these   Δe   for each  atom is smaller by an order of magnitude, i.e. Δe2SPs ~10-4 eV and  Δe2Sμ ~ Δe2SH ~ 10-3 eV. In the case of 2P states,  Δe2P  decreases, even as compared to   Δe2S  , by nearly 2 orders of magnitude (i.e. they ~ в 1000 times smaller than Δe1S).    


The corrections to the magnetic  δm  are nearly as large as  Δe,  only in the case of positronium. In muonium and hydrogen they are   ~ 500 times smaller than the respective  Δe. 


At the same time, the data of Table 1 testify to the enormous quantitative resource of real interactions between atomic partners, that were not taken into account by standard quantum mechanics in the 20-th century.

 
Moreover, both standard quantum-mechanical theory and 20-th century experiments contained gross errors, that hindered the cognition process in the case of the main properties of the electron and of its interactions with other objects. 


We recall, first of all, that not only theoreticians are to be blamed for  the prolonged existence of the assumption that the electron is pointlike. For a long time, experimentalists measured the actual dimensions of the electron at  e-  accelerators and at higher and higher energies of the colliding  e-  without taking into account their relativistic contraction.      

 
By the middle of the 80-ies of the 20-th century they achieved the «measured» value of the root-mean-square size of its charge distribution, (rq2)1/2 ~ 10-16 cm.  But taking into account the relativistic contraction  (rq2)1/2  correctly [9, 1985 ] has revealed that the result of their long-time measurements remained practically the same:  (rq2)1/2  was close to the  e-  Compton wavelength c = ħ/(mc) = 3.86·10-11 cm.   

 
Besides the above, theoreticians also applied several other incorrect expressions for  parameters of the electron. 

 
We shall draw attention to the unique, from this point of view, collection of errors (see Ch.3), accumulated in the expression  δr = -Rα2Z4ħ[n/(l + 1/2) - 3/4]/n4  [25].  This correction to the kinetic energy eigenvalue of partners in the sublevels of all atomic states, as mentioned previously, was not only «found» by theoreticians to be negative, but its absolute value calculated by the expression, given by them, turned out to be three times smaller than the actual value.  

 
If Condon and Shortley had made use of the evident fact, that all the dependence of the relativistic correction    δr    is contained in the dimensionless (numerical) factor  γ = (1- v2/c2)-1/2, then it would have been elementary to find the adequate expression for   δr,   by expanding this algebraic factor into a series in the small dimensionless quantity v2/c2.  As it is easy to understand,  in this case their correct result would have coincided exactly with Fock's correct  r n , presented above :   r n = +(3/2)|En0|2/(mredc2) = +(3/2)(Eк0/(mredc2))∙Eк0.

 
As it was to be expected, in the 1-st approximation no dependence of    r n     upon the orbital l  is present. And its absence in the case of the hydrogen atom has been confirmed experimentally [7, Foundations of quantum mechanics, p.199].  


Thus, the possibilities for standard quantum mechanics to predict, on a large scale, the real intervals between the energy e.v. of sublevels of stationary atomic states were reduced, owing to the magnetic interaction of the electron with partners being neglected and to essential distortion of the interaction of the charge of the real electron-ring with nuclear charges and, at the same time, by the set of gross mistakes in the expression for the relativistic correction  δr. 

 
The author is not sure the list, mentioned here, of inconsistencies in standard quantum mechanics is complete. But even those presented are sufficient for the following assertion to be well-founded.   

 
Clearly, the attempts, undertaken in the 20-th century at achieving global agreement of all measured energy e.v. of atomic sublevels with their intersublevel intervals, calculated by standard quantum theory, without at least removing only the listed defects, were premature. By the way, the already realized attempt at compensating all the mentioned errors of standard theory with the aid of quantum electrodynamics with its no lesser, but even greater, as mentioned earlier, defects, was also incorrect.  We recall, in particular, that besides the defects of QED noted by Feynman, Akhiezer, Berestetskii and other [7, 8] founders, one more is mentioned here (Introduction): the Postulate that the 4-vector of the electron's electromagnetic current apparently has a sole (scalar) component  – the charge  -e. Its absurdity, in the light of the foregoing, is doubtless.   

 
There is only a single way out of the present situation. 


First of all, it is necessary to remove each error correctly, retaining all those postulates of quantum mechanics the adequacy of which has been confirmed in describing, if not all, but an absolute majority of the properties of atomic spectra and of other micro-objects.  


To realize the above, it is first necessary to find sufficiently effective algorithms for computer calculations of the corrections to atomic wave functions of zeroth approximation via the dependences, obtained here, of the operators of energy corrections on  r12 . Then, one must try to find analytical solutions  in the 0-th approximation of the Schrödinger equation with H (23″), in which the total orbital momentum (23) is assumed to be quantized. But it cannot be excluded, that in this case elaboration of an adequate algorithm for numerical solution will be necessary. 


However, the latter is not necessary in the case of all the wave functions of the S-states of atoms. Calculations of the whole set of intervals between the sublevels of any S-states in the 1-st approximation with account of the errors, corrected here, and of hitherto applied wave functions for nS-states of Ps, muonium and H
will not present any difficulty. Comparison of the calculated and measured sets of intervals even only between S-sublevels will permit to test the correctness of  theory, even if not completely, but on quite a large-scale level.  


It is also necessary to note the insufficient level of the measurement precision, presently achieved, of one of the  parameters of the electron –  its magnetic moment, ~ 0.1%. First of all, it  is surprising how enormous the difference is between the estimates of the relative precisions in the measured   μe   values, presented, for instance, in ref. [46 (1991)],  

μe = 9.2847701(31)·10-21 erg/Gs, and in ref. [49 (1976)],  μe = 9.284832(36)·10-21 erg/Gs 

(on the basis of known data presented by Taylor, Parker and Langenberg in  1969 – 1973), in which the relative precision, apparently, amounted to ~ 0. 0001%,  and the estimate (Ch.1, sect.1.4)  by Vonsovsky [61, (1973)], who considers the relative measurement precision of  μe , provided for by the measurement technique, to be equal to  ~ 0.1-0.2%. 


In the author's opinion, the correct estimate of the actually achieved measurement precision of   μe  is due to Vonsovsky. The point is that in order to achieve a relative precision ~ 10-6 [46, 49] it is necessary, also, to provide a not inferior measurement precision of the absolute value of the magnetic field strength  G   and coincidence of the measured directions of shifts of   e-        trajectories (or the trajectories of atoms) with the direction of  G .  But with account of well-known difficulties in achieving a relative measurement precision even of ~ 10-4, even in the case of a spatially homogeneous field strength   H   (in accelerators), it is obvious that a relative precision, even equal to ~ 10-3, of  the many times more difficult measurement of the field strengths  G, applied for measurement of   μe    of ferromagnets with the sharp angles surrounding their working region,  has most likely never been realized.   

 
The inaccuracy of    μe    measurements provides grounds for assuming precisely it to be the cause  of the aforementioned superiority, by a factor of two, of the small addition, found here,  to the quantum-mechanical ratio (Ch.1, (21))  ∆μz/sz = (α/π)(e/mc) = 0.002323 over the measured ∆μz/sz = 0.00115965(e/mc) ~ (α/2π)(e/mc). From this point of view is seems quite important to find the possibility for multiple enhancement of the measurement precision of the magnetic moment of the electron, most likely differing little from the value (apparently closest to the real value)  calculated here, z = -9.29558·10-21 erg/Gs (20).  


It is also opportune to pay attention to the sharp asymmetry in the properties of both stable leptons, the electron and the positron, having the same structure. Thus, for example, the abundance of the electron in Nature is enormous, while that of the positron is scanty. Comparison of this asymmetry with the existence in Nature of nucleons with their exclusively positive or zero charges, provides grounds for assuming that the quanta of negative and positive charges differ essentially from each other not only by their signs, but also in other properties. And a striking manifestation of this difference consists in the enormous superiority of the size of the electron as compared to the dimensions of the positively charged hadron,  p+, the abundance of which equals that of the e-.


The assumed nature of strong coupling.  The quantitative analysis presented above of the total interaction between the magnetic moments and charges of real lepton-rings has demonstrated that, in the case of both types, the absolute values of the interaction energy precisely for small distances between the partners,  r12 → 0, are practically identical (|Ue| is only slightly superior   to  |Um|). 


It is extremely important to analyse, what was lost by theory owing to the magnetic interaction between particles having been practically totally ignored by quantun mechanics during the whole 20-th century.      


What, first of all, gives rise to astonishment is the lack of interest, shown by theoreticians, in comparative analysis of the enormous superiority of the absolute values of      anomalies in hadronic magnetic moments, amounting to hudreds of percents (the anomaly for  µp+     is  Δµp+~ 179.3%,  and for    µn     it is  Δµn  ~ 93%)  as compared to the anomaly of leptonic moments (for    µe-  it amounts to  ~ 0.116%).   


This provides arguments for assuming that the enormous superiority of the ratio between anomalies of hadronic magnetic moments and the anomaly for   e- ,   Δhadron /Δe-,   that  amounts to     Δµp+/Δµe-=179.3/0.116 = 1546  and   Δµn/Δµe- = 801.7, as well as the proportionality of the magnetic interaction to  1/r123  are capable, when   r12 → 0 , of creating superiority of  |Um|     over   Ue|   even  in  a  pair  of  positively  charged  protons.    Indeed,     estimation     of  their    Um ~ - p+2/r123erg  for  r12 = 10-13cm yields 

     Um( 10-13) ~ -2∙10-7 erg = -0.125 MeV,  and   Ue ~ - e2/10-13 = -1.44 MeV.  But already for  

r12 = 2.5∙10-14cm    Um(2.5∙10-14) ~ -8 MeV,   while  Ue ~ - 5.76 MeV < | Um|.


Moreover, the purely magnetic interaction of a proton with a neutron in the deuteron turns out to be quite sufficient for realizing the coupling energy of their   p+  n  , even coplanar, Um = - p+n/r13 = - 2.23 MeV.  


Indeed:  estimation of the magnetic (negative) interaction energy of p+ with its |µp| = 1.4106∙10-23erg/Gs and the neutron with |µn| = 4.3303∙10-24 erg/Gs for a distance between them of   r12=2,6∙10-14cm gives 

      Um(r12=2.6∙10-14cm)= -3.475∙10-6 erg = -2.17 MeV.


Hence, with account of the proton and neutron consisting of charged partons and, consequently, owing to the polarization effect of each of both interacting hadrons, the value of r12=2,6∙10-14cm, used in the estimation, being four times smaller than the measured total hadron  <(rq2)1/2> does not seem to contradict reality in the case of parton pairs mutually attracting each other.  


Regretfully, the author is already 85 years old, while most fascinating calculations even of only the properties of (for example) the hadron of the neutron, consisting of two toroidal partons (positive with charge  +e  and negative with charge -e), by searching for the required wave function for the Schrödinger equation, similar to the positronium one, with account of at least the appoximate dependence, to start with, upon  r12   of  the interaction energy between the partons,  µ+µ-/(r12)3, will doubtless be difficult and last long.  Until now, no enthusiast has succeeded in finding an analytical expression for the wave function in the equation with the interaction potential  А/(r12)3 .  This fact, as well as the aforementioned doubtful assumption concerning the uncertainty in the angle between the vectors   µ+   and   µ- , obviously contributed to even leaders in quantum mechanics suffering allergy in connection to investigation of magnetic interaction between elementary particles.  


But the author cherishes hope that the contents of the book will at least  be of interest to a few young enthusiasts of  exploring the secrecies of Nature, and that with the aid of superpowerful modern computers they will be able to calculate the necessary set of wave functions in the extremely small volume, within which both of their neutron-forming  ±charge toroidal  partners are localized. And he also hopes, that after working in the direction, indicated here, they will continue.  


There are reasons to believe, that taking into account the closeness of the multiplicity of absolute values of the anomalous part of hadron moments to 100% of the absolute value of their normal parts will lead them  to the following idea. 


The number of partons in the   p+    hadron with its  p+ = 2.793 я  and in n with  n = 1.913я  equals 3 in the proton, but 2 in the neutron. And each parton of both hadrons has an integer charge of   ±e  and a structure similar to that of the electron with the large radius of the torus  Rp.  Now,  Rp   is inversely proportional to the parton mass (see expression (18), Ch. 1), which, in turn, is proportional to the number of quanta penetrating the parton torus of the total magnetic flux   NФ0.  Thus, assuming the proton to consist of three partons, of which two have a charge +e, and one -e, we arrive at the conclusion that all p+ partons are identical in form, mass, absolute value of spin ħ/2  and N = 1, to the real toroidal parton, hitherto called the lepton τ±.

 
Owing to the property, established in Chapter 1, consisting in that the magnetic moment    of  any elementary charged toroidal particle is independent of the number of quanta penetrating through the contour of the torus of its total magnetic flux NФ0 , the  +parton of the neutron exhibits a magnetic flux of 2Ф0, instead of   Ф0  , like that of the negative parton. (Here, some of the readers may have doubts concerning the reality of the last assumption, since, owing to the obvious smallness of   Rp   of any of the hadron partons   ~ 10-14 см, the mass of each one of them will exceed even the  p+  mass and their total mass will be superior to the mass of  p+  and  n. But,  in the case of supersmall   r12   between the partons in the nucleons the combinatorics of field strength vectors of their partners will, most likely, provide for the reduction of both the mass-forming fields of each nucleon down to their real values).   


The quantitative and qualitative confirmation of adequacy of this, at first sight too bold, assumption consists in the following.  


First, we shall estimate the depth of the identical to that of the positronium atom so-called asymptotic well in the interaction energy between  τ+  and  τ-. 


From the behaviour of the real е-е+- interaction energy (Fig. 4) and the     respective expressions, corresponding to this behaviour, presented in Chapter 4 and, also, adequate in the case of the heavy  τ+ and  τ-, we find Rτ= (me/mτ)Re=1.1∙10-14cm. Hence the real  depth of the asymptotically free potential ortho-well of their interaction amounts to Uτ(r12 ~0) ~ -11 MeV.  The depth of the para-well will be enormous: ~ -4.25 GeV!  Thus,  τ+τ-  annihilation  most likely occurs only in the case of their super-strong purely electromagnetic para-interaction. And already here it becomes evident, that the real lepton electron  with its Ue(r12 ~0) = -2.37 keV transforms into a τ-hadron only owing to reduction of the absolute value of  R  from  Re = 3.870575∙10-11cm  down to the value  Rτ = (me/mτ)Re=1.1∙10-14cm,  that led to an increase in the energy of the ortho-coupling of   τ+  with  τ-,   even slightly exceeding the known hadron level. This provides grounds for the following assertion. 


The only source, that at the same time produces all interaction fields  –  electric, magnetic and gravitational – and the masses of both elementary particles and macroscopic bodies, is the  indivisible massless charge quantum  ±e.  The magnetic field in all micro- and macro-objects is only due to the motion of charge quantum, that always create the electric field.  All gravitationally interacting masses are due to the total energy of electric and magnetic fields.   

 
The created by  ±e  and correctly taken into account not only  E,  but also  H,  are also the sole source of strong interaction, arising only between real truly elementary particles,  τ-leptons, which in hadrons always play the part of partons with their (many times smaller than that of the electron) large radius  Rτ ~1.1∙10-14 cm and mass  ~1782 MeV.

 
The contents of the book and, also,  the fact that during the whole 20-th century not even a single experiment succeeded in revealing any charge of even a single particle, that was not a multiple of the absolute value   | ± 4.803242 ∙10-10|   provides grounds for making the following  final assertion. 

 
The universal (and sole) object, forming Nature is the indivisible quantum of the electric massless charge ±e = ± 4.803242∙10-10 CGSE.  In each truly elementary particle it is always equidistributed over the surface of a torus with its large radius   R   and radius of its cross section ρ0 with the invariant relationship  ln(8R/0) = /(2)+2= 217.2564  (16),   connecting them, and it eternally circulates over the surface with  vφ= +с (or -c).  The total  mass  m =3,525855·10-38/R  of such a particle, equivalent to the total energy of the strengths of the electric and magnetic fields,  E  and  H, respectively,  formed by the charge  ±e  circulating in it, is also the only source of gravity in Nature. The charge quantum   ±e  is also the sole source of all forms of interactions between particles and macro-objects in Nature.  
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                                                        APPENDICES
          To simplify for the reader the process of familiarization with the essence of those parts of the text, that are essentially not standard, we append the texts of several publications by the author and his colleagues, that served as the basis of the book. 

A1. MODEL OF THE STRUCTURE OF THE ELECTRON AND MUON [24]

                                                            Matora I.M.


Abstract. It is shown, that, if  the magnetic flux is quantized in each lepton, and their massless charges are uniformly distributed over the surfaces of the particle tori and have an azimuthal velocity, equal to the speed of light, then the spin of each such ring-particle is exactly ħ/2, when the quantum number of the magnetic flux  M = 1, and the whole rest mass is of electromagnetic nature, while calculations yield  mec2 = 0.51162 MeV for the electron  and mμc2 = 105.782 MeVfor the muon. The calculated parameters for the ring-particles are presented. 


We shall adopt universality of the known magnetic flux quantum, revealed in studies of macroscopic superconducting rings, as the premise for the model of the electron and muon structure.  To be more precise, we shall consider its value  Фо = 2.06785·10-7 (Gaussian units) to be valid for leptons, also. The necessity of taking into account, in the theory, of the existence of the electric charge quantum   е = 4.803242·10-10,  equivalent to the flux quantum of the electric field strength penetrating the closed surface surrounding the particle, definitely indicates that the consequences of the existence in Nature of the aforementioned magnetic flux quantum  are of no less importance for the theory. 


We shall also assume the charge of the particle to be uniformly distributed over a ring toroidal surface with the big torus' radius R and the small radius of the circular cross section of the ring  ρ0 << R. 

 
Also essential is the assumed existence of a constant azimuthal velocity of the charge, equal to the speed of light, c. An argument in favour of this assumption is the equality of  the forces of electrostatic repulsion of the charge and of its magnetic constriction, both normal to the torus' surface. It is possible, also, that the electron «trembling» with velocity  c, following from Dirac's theory, is actually this ordered azimuthal motion of its charge. We shall apply a cylindrical reference frame with its origin at the center of the ring and Oz axis directed along its symmetry axis. 


Thus, in accordance with the first assumption the magnetic flux Ф , due to the aforementioned azimuthal current, in the electron and muon is expressed  as     


Ф = МФ0, (±M = 0,1,2,...),
(1)

while the total electric charge on each ring is equal to  -е.


Applying known expressions for the vector potential of a ring current,  Aφ(r,z),  the scalar potential and components of the magnetic and electric field strengths  Hr, Hz, Er, Ez Ez in terms of complete elliptic integrals, we obtain for a circle, close to the surface of the torus, the following approximate formulae for   Аφ , and, also, for the values of vectors H and  E::


 Аφ(ρ) = (2 I/c)(ln(R/ρ) + 0.0794); H(ρ) = E(ρ) = 2I/(cρ) 
(2) (3)

where  ρ  is the distance from the circle of radius  R , located in the equatorial plane of the torus with its center at the origin;  I  is the azimutal current in the rings. 


From electrodynamic relationships, connecting the particle magnetic moment  μ ,  the current  I  , and the radius  R,  we find


μ = πR2I/c, I/c = e/(2πR), 
(4)

whence                                      R = 2μ/e, I/c = e2/(4πμ ). 
(5)


Then, the magnetic flux, penetrating the ring,   Ф = 2πRАφ(ρ0),  will be 


Ф = 2e(ln(R/ρ0) + 0.0794). 
(6)


From the latter follows the expression for the spectrum of admissible discrete values of  :                                
 
ln(R/ρ0) = MФ0/(2e) - 0.0794, 
(7)

the dimensionless quantum of which is  Ф0/(2e) =215.2557.


The contribution of the electromagnetic field to the rest energy   Е0'  is


 E0' = 1/(8π)∫(H2 + E2)dV. 
(8)


In accordance with (3) it can be represented in the form


E0' = e2/(2πR)(ln(RM/ρ0) + ln(RЭ/ρ0)),
(9)

(there exist such values of the quantities RM and RЭ of the same dimension as length, that yield the exact value of   E0' , if substituted into (9)).   


To simplify understanding of the results of further analysis, we shall take advantage of the fact, that the dominnant part of integral (8) is in the region of small  ρ , permits to approximately set       RM ~ RЭ ~ R.


Then,       
E0' = e2/(πR)(ln(R/ρ0) = Meħc/(4μ) - 0,0794e3/(2πμ) ≈ Meħc/(4μ). 
(9’)


In the right-hand part of (9'), the term, that is not quantized, has been dropped, since its absolute value is  < 4∙10-4  of the absolute value of the main term, when  М > 0.  


Calculation of the particle mechanical momentum (spin) s, which is evidently equal to the product of the radius  R  of the ring, on which the charge is concentrated, and the field part of the charge momentum  p  at the same point, with account of (5) and (7), yields 

 
s = ReAφ(ρ0)/c = e2/(πc)(ln(R/ρ0) + 0,0794) = М ħ/2. 
(10)


Hence it follows that all particles with spin ħ/2 must be characterized by the magnetic flux quantum number M = 1. That the spin is a multiple of the quantity ħ/2, which is due to the model, gives rise to certain optimism.  


But a particle possessing mechanical momentum, besides the field energy (9) or  (9’), also possesses additional rest energy  E0''  due to circulation of its charge, equal to its light velocity, 

 
E0'' = рс = Meħc/(4μ). 
(11)

Thus, the rest energy of a particle turns out to be 


 E0 = E0' + E0'' = Meħc/(2μ)  (М = 1). 
(12)


Upon resolving (12) with respect to the magnetic moment   μ,  we have  

 
μ = eħ/(2mc) = es/(mc), 
(13)

whence we obtain the correct quantum-mechanical ratio 


 μ/s = e/(mc) .
(14) 

It is characteristic that quanta of the rest energy  Е0   for all for leptons in (12):


0E0 = eħc/(2μ) 
(15)

are strikingly close to the experimental values of their rest energy and amount to  0.51041 MeV for the electron and to 105.533 MeV for the muon. Truly,  owing to our aforementioned assumption in (9') the coincidence cannot be considered exact yet. A more precise calculation of (8) for   е±  and  μ±  was performed with a computer. Part of the integral over the region, adjacent to the surface of the ring,  ρ0 ≤ ρ ≤ 10-6R ,  was calculated analytically, and outside of the torus, for ρ =10-6R,– numerically.  


Before presenting the Table of  е±  and  μ±  parameters, calculated using the proposed model, we stress that it was based on the universal physical constants   ħ, с, е, Ф0 = πħc/e   and on two measured values of the electron and muon magnetic moments, equal to  9.28485∙10-21  erg/Gs  and  4.49062∙10-23 erg/Gs, respectively. No fitting parameters are present in the model. Only general structural peculiarities were assumed for the particles: a) toroidal symmetry; b) uniform distribution of the charge over the surface of the torus; c) the equality of the azimuthal motion velocity of the charge to the speed of light.  


The calculated values of  M, s, E0, R, ln(aR/ ρ0), ρ0 and I/c  are given in the Table. 

            For the  τ -leptons, the known experimental rest energy of which is  Е0 = (1784 ± 4) MeV, the predicted magnetic moment  μτ   is  μτ =2.65∙10-24 erg/Gs.  Besides the already noted coincidence of the calculated spins with their experimental values, a coincidence not worse than 0.12%  is also seen in the case of   е±  and  μ±   rest masses.  This can justify the assertion, that, apparently, the nature of the rest masses of all leptons is fully electromagnetic. The same assertion, concerning the nature of the muon mass, was made by Barut [1].   

	Particle
	М
	s
	Е0 (MeV)
	R (cm)
	ln(R/ρ0)
	ρ0 (cm)
	I/с

	е±
	1
	ħ/2
	0.51162
	3.866∙l0-11
	215.18
	1.37∙10-104
	1.97

	μ±
	1
	ħ/2
	105.782
	1.870∙10-13
	215.18
	6.64∙10-107
	408.8

	τ±
	1
	ħ/2
	1784.0
	1.1∙10-14
	215.18
	3.9∙10-108
	6900.0


Table

            The distributions of mass, charge and magnetic moment turned out to be to a certain extent similar to the ones of the parton hadron model.  All the indicated characteristics are not  concentrated near points, but within an extremely small vicinity of a circle of radius  R. The big electron radius   Re = 3.87∙10-11 cm is paradoxically large, at first sight. However, the unique in value magnetic moment of the electron could not be created even with the aid of the speed of light of ordered motin of the total   e   charge in the case of a small characteristic size of the particle. From the uncertainty relation, not related to the model, it also follows that the characteristic size  2R  of any particle should satisfy the expression    

                                                          2R ≥ ħc/pc                      (16)

(p  is the characteristic momentum of internal motion). Since, even in the case of an electron at rest, the mathematical expectation of the velocity operator of  the «trembling» from Dirac's theory is    c ,  for the electron  

2R ≥ ħc/mc2 = 3.86∙10-11 cm.


The magnetic inductions in the ring-particles considered are so large (at the surfaces of the tori  10100  Gs in the electron and ~10109 Gs in the muon, while at the centers of the rings 3.2∙1011 Gs and 1.37∙1016 Gs, respectively), that the short-range interaction of such rings-magnetic moments is capable of causing strong interaction. This was essentially already shown by Barut and Kraus [2], who demonstrated theoretically, by introducing certain effective interaction potentials of a lepton anomalous magnetic moment with the field of an antilepton at rest, the possibility for resonances originating with dimensions characteristic of hadrons.    


Nuclear forces are probably also  due to the interaction of nucleon magnetic moments (although the simplest ring model has not turned out to be quite suitable for the proton structure,  the electromagnetic rest mass calculated on its basis was only 336 MeV).  


The latter is confirmed by the following important peculiarity of nuclear structure: the even part of nucleons can always be divided into pairs: proton-neutron, proton-proton and neutron-neutron, each of which has antiparallel magnetic moments. In the pairs indicated the mutual orientation of namely magnetic moments is charge independent, while the spins in them may be both antiparallel and parallel (like in the deuteron). This means, that the interaction of magnetic moments may be a dynamic factor causing strong coupling.   


Moreover, coincidence exists of the dependences upon the distance between particles in the cases of nuclear forces and of the interaction of mutually antiparallel magnetic moments, created by ring currents with coinciding equatorial ring planes. It is easy to understand, with the aid of the known expression for the interaction energy of two magnetic moments, that for a distance r  between rings, such that  r ≥2R, short-range attraction  | ~1/r3 |  takes place.  


If, contrariwise,  r ≈ 0,  then strong repulsion is observed. In the region of   0< r <2R repulsion tranforms into attraction, a   r   increases. 


Thus, it is clear why namely the antiparallel orientation of magnetic moments causes their strong coupling. Here, it is not the repulsion barrier, that is on the outer side, like it would be in the case of parallel moments, which would have made the coupling impossible, but the zone of strong attraction.   


In the light of these ideas, the magnetic moments not being additive to a certain extent is natural, the non-additivity amounting in the deuteron, for example,  to about 2%.  The magnetic fluxes remain quantized in nucleons, while the moments change owing to mutual induction. 


It would not be objective not to mention the following peculiarity of  the proposed model, the interpretation of which can be ambiguous.  In well studied stationary quantum-mechanical systems, for example, in the hydrogen atom or in superconducting macroscopic rings in the lowest state (n = 1 for hydrogen and M = 1 for a ring), the de Broglie wavelength for the electron and for the quasiparticle, consisting of two electrons, respectively, calculated from the mathematical expectation of the momentum operators, are precisely equal to the circumference of a circle with the Bohr radius and the ring radius, respectively. At the same time, the wavelength of the charge  e  in our model, corresponding to the momentum  eАφ(ρ0)/c  from (10), is  4πR, instead of  2πR. In this connection, a reader in a sceptical mood has the right to consider this a difficulty of the model. Contrariwise, an  optimist can believe standing de Broglie waves to be realized in elementary particles.


In conclusion I consider it my pleasant duty to express my sincere gratitude to Yu.A.Alexandrov, A.M.Baldin, V.G.Kadyshevsky, V.I.Luschikov, V.A.Savvin and I.M.Shelontsev for benevolent interest in my work, for discussions and help. 
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  A2. COSMIC RAYS: A PROBABLE GENERATOR OF THE ELECTROSTATIC 

FIELD IN THE ATMOSPHERE OF THE EARTH [40]

Matora I.M., Semenova I.A., Shakun N.G., Shishliannikov P.T. 

     Abstract.  Revealed is the close-to-unity probability for the total electric current, generated by primary relativistic protons and other hadrons  in cosmic rays (CR), to undergo inversion from  positive at entrance to the atmosphere to negative at the Earth's surface. The inversion occurs owing to the penetration efficiency of shower electrons, the velocity directions of which are close to the primary CR direction, being such that their path ranges exceed those of secondary positive ions by more than an order of magnitude.     
    INTRODUCTION


Meteorological data show [1-4] that the surface of the Earth always carries an electric charge  Q
[image: image28.emf]⊕

 = -5.57·105C, while the upper atmosphere (over 85 km above the Earth's surface) is stably charged by a charge identical in value charge, but positive. For this reason there always exists in the atmosphere a strong electric field, the gradient of which,   E, is directed toward the center of the planet and exhibits a value Er ~ -130 V/m  in the vicinity of its surface.     


It is also known that even in cloudless days the atmosphere exhibits a noticeable conductivity and the aforementioned  Er ~ -130 V/m  creates a constant current toward the surface with a density j ~ 1800 е/cm2s (e  is the absolute value of the electron charge). In the absence of a mechanism for recharging   Q
[image: image29.emf]⊕

    this current is capable of totally neutralizing it in about 400 s.  

 
In 1922 Wilson made the assumption [5], that the constancy of Q
[image: image30.emf]⊕

 ~ -5.57·105 C and of the charge of the upper atmosphere,   Q = ‌‌|Q
[image: image31.emf]⊕

 ‌‌| ,  supports the thunderstorm mechanism, and this hypothesis is still considered the most plausible one.  At the same time, the hypothesis, for example, of cosmic rays (CR) being the factor stabilizing the charge of the macrocapacitor, «the surface of the Earth – its upper homosphere» still gives rise to no noticeable interest.      


The main reason for this is the low fraction (~1%) of electrons and of other negatively charged particles in primary CR, while protons (~90%) together with heavier nuclei occupy  ~99%   in them. So, at a first sight, recharging of the surface of the Earth with a negative charge is impossible.  
1. FACTORS, CAPABLE OF CAUSING INVERSION OF THE TOTALELECTRIC CURRENT, GENERATED BY PRIMARY cr IN THE EARTH'S ATMOSPHERE


The results of studies of electron-photon showers of secondary particles, generated in the atmosphere by primary CR and discovered back in 
1927-1929 by Skobeltsyn [6,7], have revealed the following (see, for example, ref.[8]).


In cascade atmospheric showers (CAS), the number of particles, generated by a primary proton or nucleus of energy  
≥1014 eV, exceeds that of  106   secondary   γ-quanta and electrons.  Besides this, in a CAS, the flux density of secondary   е-  is surprisingly sharply concentrated in the vicinity of the  axis of the shower. Thus, while the density measured on the axis                         ρ0 ~104 е/cm2, the density measured at 100 m from the axis was  р1О0 ~ (1 - 10)е-/см2 . This, together with momentum conservation, permits to consider practically all the shower   е-  to have velocities directed along the velocity vector of the primary particle, that initiated the shower. But shower  е-    themselves are mainly generated by shower γ-quanta (Compton and photo-effects). Hence it follows that the relative number of shower γ-quanta, directed along the velocity of the primary particle, should even exceed that of  e-. 


An even more important peculiarity of  shower γ-quanta and electrons is their enormous penetrating efficiency. Thus, the extrapolated path range   Re  in aluminium [9] at an energy of  (0,2 - 20 MeV) exceeds by a factor of   (20 – 100)  the path ranges of secondary protons (and heavier ions) of the same energy. The capability of  γ-quanta to penetrate material media are known to be (1-4)102  times greater than even that of electrons at these energies.   


As to the most probable energies of shower  е-  and  γ -particles, besides the interval of energies peculiar to  δ-electrons (up to 2 MeV), their range obviously also includes the energies of the giant nuclear resonances of atmospheric particles  (tens  of  MeVs)  and  of    л0 →2γ -decay   γ-quanta with hv ~ 67 MeV.


We shall now estimate the total electric current of secondary charged particles in the near-surface layer of the Earth's  atmosphere.  Since  the  fraction  of  charged  mesons  and  of  μ-  and   τ – leptons is insignificant, and, besides, the average velocities, directed toward the surface, of л+, μ+ and τ +, as well as  л-, μ- and τ – for each  ±   pair are practically the same, we shall neglect their total current. The total current of all the electron-positron pairs generated in air will evidently  also be negligible. The main contribution to the current will be due to ion-electron pairs, since the velocities of  δ-,  photo-, and Compton secondary electrons, directed toward the surface, are dominantly larger than the ion velocities. Precisely in the same way, the   e-   path ranges in air are many times greater than the path ranges of positive ions.  


Then, with the aid of the known measured density of ion pairs, generated by CR in 1 cm3    of the Earth's surface layer in  1s [9, p.1173],  ρ = 1.6 cm-3s-1, we determine the total current of shower electrons as    je = -ρRe    (Re   is the averaged path range of secondary electrons in the near-surface air).   


As we see, the path range   Re = 11.25 m   is  sufficient  for  the  electron  current  through   1 cm2    of   the   Earth's   surface   to   compensate   the   aforementioned    inverse    ion    current   j = 1800е/cm2s. And the energy  Ее = 3 MeV  corresponding to such a path range exceeds the maximum energy of  a   δ-electron  by only  1 MeV.  
                          2.  EXPERIMENTS IN A 655 mEV PROTON BEAM


 First of all, it was necessary to verify, like the case of CAS,  the high directivity of    secondary shower electrons along the velocity vector of primary protons with moderate energies,  which CR protons acquire after decelerating in the atmosphere, when approaching the Earth's surface.  


This was done in the proton beam, extracted into air from the phasotron of the JINR Laboratory  of  nuclear  problems,  with  an  energy  Еp = 655 MeV  and  mean  proton  current    Ip = 2.5 μА  for an extracted particle bunch frequency of  250 Hz.  

 
The «forward» and «backward» currents (If  and  Ib , respectively)  due to electrons were measured by two identical in configuration aluminium collectors with an   е-  collection solid angle of  ~2.7 sr. The collectors were placed symmetrically relative to the median plane of the flat aluminium target 0.2 cm thick. The aluminuim in the collectors was of the same thickness. The minimum distance from the collectors to the nearest points of the interaction region of the primary    р+  with the target, that was perpendicular to   р+  beam axis, was  8 cm, so the minimum energy emin  of a secondary electron capable of travelling 8 cm in air and of being absorbed by the collector, was  emin – 0.09 MeV.  The diameter of the primary proton beam was 2 – 4 cm. Therefore, to permit the primary protons, scattered (even if insignificantly) by the target, to pass freely through the collectors, both collectors had openings,  coaxial with the   р+  beam  and 5.4  cm in diameter (fig. 1). 
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                                                                           Fig. 1
	Beam current
	Currents on target (IT) and collectors (If and Ib)

	Ip, μА 
	IT, μА
	If, μА
	Ib, μА
	ηβ= If ( If + Ib)

	1

2
	0.03

0.06
	-0.022

-0.037
	-0.002

-0.004
	0.927

0.902


Table

Measurements of currents both from the target (positive) and from the collectors were reliably performed using an ordinary galvanometer. The current of the collector, Ib, was always small (not more than 10% of If), but exceeded the background. Reliability tests of measurements using the galvanometer were made by measuring pulsed currents with an oscilloscope.  


Only the results of measurements by the galvanometer are presented in the Table. Measurements, performed with the oscilloscope, confirmed them. 


As we see, in spite of the most dense part of the flux through the opening in the «forward» collector  (within a solid angle  ~0,4 sr) not having been measured, the measured directivity of the flux of secondary electrons,  ηβ = If/(If + Ib), exceeds  90% in the semirelativistic case of Е = 655 MeV, also. We shall additionally note that the measured  ηβ   would have been even larger, if the thickness of the aluminium in the collectors were many times greater than  0.54 g/cm  (2 mm), since in this case they would have registered photo-  and Compton  е-  with energies   2 < ее < 70 МэВ, the propagation of which is directed forward even more, than the δ-electrons. 

2.1. COMPUTER SIMULATION OF THE GENERATION OF  δ-ELECTRONS.

Passage of the Е = 650 MeV beam of primary protons, incident normally upon the entrance plane of the aluminium plate 1 cm thick,  and generation by it of electrons within the interval    0 < Eе < 0.46 MeV were simulated applying the known software package GEANT [11]. Calculation was performed of the spectrum of  δ- electrons, passing through the exit plane of the «forward» plate with  рz/р > 0,  and the spectrum of   е-, departing  from the plate through the entrance plane («backward») with pz/p < 0.  The results are presented in fig.2. 
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                                                             Fig. 2 

By integrating the computed behaviour of the number of  «forward»   е-  within the interval (0.09 ÷ 0.46) MeV, most compatible with the interval (0.09 ÷ 2) MeV of measurements, we find the simulated ηfsim ~ 0.89. But before comparing the calculated  ηfsim  with the measured value it is necessary to subtract from   ηfsim   the fraction of   е- , that pass freely through the opening of diameter 5.4 cm of the «forward» collector, coaxial with the beam of primary  р+. In fig.3, the dependence is presented of the number of secondary electrons with  εe 
[image: image34.emf] (0 ÷ 0.46) MeV upon the quantity  pz/p = cosθ, simulated for the aluminium target of thickness 1 cm.  
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                                                                     Fig.3                                                          

If the difference of the relative current of  δ-electrons, not registered by the  «forward» collector in the case of target thicknesses between 0.2 and 1 (with the same diameter  of the passage opening), is neglected, then with the aid of the data in  fig. 3 it is possible to estimate  ηfsim ~ 0.89(1 – 0.125) ~ 0.78.                                                                          


As we see, both the calculated estimate of the directionality of secondary  δ -electrons ηfsim ~ 0.78 (for 0.09 ≤ εe ≤ 0.46 MeV) and the measured value for εe 
[image: image36.emf] (0.09 ÷ 2) MeV confirm the high «forward» directionality even for secondary  δ -electrons.


The directionality of   е-  with  ес > 2 MeV will be  even higher.                                
                  3. eXPERIMENTAL ESTIMATION OF THE ENERGY SPECTRUM

                                             OF SECONDARY ELECTRONS


Approximate estimation of the energy of shower electrons, generated by the primary proton beam extracted from the phasotron, was performed with the aid of a target, similar to the target depicted in fig. 1. To enhance the current of secondary  е-  the target itself had a thickness of 1cm, while although only a single «forward» collector was applied, it consisted of three flat plates, isolated from each other. The plate closest to the target was at a distance of 6 cm from it and was 1.2 cm thick. After a gap of 0.3 cm there was a plate 0.7 cm thick, while the third plate (with a gap of 0.3 cm) was 1 cm thick. The target and the collector plates are made of aluminium, a technologically convenient material, close in atomic number and weight to the nitrogen and oxygen of air. The diameters of  openings for the passage of primary  р+ increased  upstream along the beam from   = 5.3 cm in the first plate to   = 6 cm in the third. The effective registration angle of each plate amounted to ~1.6 sr.


Before the experiment was performed, we were not quite sure to be able to measure reliably the electron current even on the second plate (not to mention the third one) with a galvanometer, since the first plate (3.24 g/cm2 А1) had a thickness equal to the extrapolated path range of an electron with  εe = 6 MeV [9, p. 1 169]. However, the result of measurements for an average current of the primary beam current 1р = 1.3 μА turned out to be the following:

I1 = -0.07 μА, I2 = -0.045 μА, I3, = -0.04 μА.


Measurements were repeated three times, and the electron currents on all plates remained the same.   


These measurements showed that the number of shower electrons with energies                εе > 6 MeV generated in an aluminium medium by  Е = 655 MeV  primary protons even exceeds the number of   δ -electrons. 

4. CONCLUSION


The idea of possible inversion of the total electric current, generated by the positively charged ultrarelativistic CR hadrons, that is positive at the entrance to the Earth's atmosphere, into the current of negative shower electrons at the surface of the planet arose in 1992. In 1994, with the aim of confirming the reality of such a process, a test run with the target, depicted in fig. 1, was initiated at the synchrophasotron of the JINR Laboratory of high energies for checking the efficiency of standard instruments in measuring the current of secondary electrons.    


The authors are grateful to A.M.Baldin, A.I.Malakhov, N.S.Moroz, N.M.Piskunov for support of the idea.    

 
In the same 1994 experiments were transferred to the phasotron of the JINR Laboratory of nuclear problems. Here, we periodically, about twice a year, had the possibility to perform measurements in extracted proton beams with an average current up to 2.5  μА and  Е = 655 MeV; the exposures lasted  10 ÷ 15 minutes during intervals of readjustment of the accelerator for other planned experiments. 


All the measurement results presented above were obtained at this accelerator. 


For this possibility and help in measurements the authors are grateful to researchers from the Laboratory of nuclear problems A.V.Demyanov, V.G.Zinov, V.G.Kalinnikov,  N.Yu.Kotovsky, L.M.Onischenko and O.V.Savchenko and, also, to A.I.Zhuravlev, staff member of the Laboratory of neutron physics.  


The authors hope that publication of the results presented here will give rise to interest of colleagues from other laboratories (especially researchers from meson factories), so final resolution of the problem is accelerated. Thus, at primary proton energies  Е ~ 150 ÷ 400 M eV it is quite easy to realize direct observation of inversion of the positive primary current into the negative total current of the primary and secondary charged particles. To this end, for example, it is possible to install in the primary beam a small bath (about 1 m long) with distilled water with a aluminium collector-plate movable along the beam axis.  Our preliminary experiments performed in a medium of lead bricks (with each layer 5 cm thick) have shown that the probable thickness of a water layer, equal to approximately 1.3 ÷ 1.6 Rp , is apparently sufficient for the inversion to occur.
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A 3. INVERSION OF TOTAL ELECTRIC CURRENT, GENERATED BY A BEAM OF PRIMARY ENERGETIC PROTONS IN LEAD [40]

Matora I.M., Shakun N.G., Shishliannikov P.T.


Abstract.  In experiments, performed in 1998-2000 in the beam extracted from the phasotron of the JINR Laboratory of nuclear problems with the energy  Еp = 655 MeV and average current up to  2 A, inversion has been revealed of the total electric current, generated by a beam of primary  р+, directed through a multilayer lead target, from positive at depths within the interval  Pb(0-46.5) cm into negative at depths exceeding  1.5-2  path ranges of primary protons in Pb of (46.5 – 65) cm.

INTRODUCTION

In measurements, performed in 1994 – 98, of the current directionality of secondary electrons, generated by the beam of primary protons (with  Еp  655 MeV), entering  a medium of aluminium from vacuum, a dominant part of the secondary   е-  was shown to travel in the same forward direction as the primary   p+   [1].   


With account of the above, the assumption was put forward in ref.[1] of the possible existence of an inversion phenomenon of the total electric current, directed toward the Earth's center and generated by protons of galactic cosmic rays (GCR) entering the Earth's atmosphere with charged particle energies, reaching 1018 eV [2-5].

 
In the shower, produced by the GCR, the total current of primary and secondary charged particles can only be expected to be of positive sign at the entrance to the atmosphere, where  99% of the primary particles are positively charged, and 90% of them are p+. But, on its way toward the Earth's surface  each one of the primary particles of so high energy generates   106 secondary  е-, ions, ĥν and other particles [3-5]. 


Owing to the path ranges of secondary  е-   in any material medium being many times larger, as it is known, than the path ranges of the ions, produced in the medium, and, also, to the high aforementioned directionality of  the  е- -trajectories along the velocity vector of the primary  GCR pertaining to the current of all the charged particles approaching the Earth, an exess of the electron  current can be expected. 


Thus, inversion of the sign of the total current is possible in the lowest layer of the atmosphere. This gives rise to the idea, that precisely the  GCR flux always charges the Earth with a negative charge    Q
[image: image37.emf]⊕

 = -5.7105C, while the atmospheric layer above  85 km is charged with a positive charge  Q = +5.7105 C of the same absolute value (which has been established by   meteorologs [2-4]).  


And, naturally, the near-surface layer of the atmosphere is always stably polarized, and the field strength vector is mainly directly twoward the planet's center (its value at small heights is known to be    130 V/m).


The aim of this work is to demonstrate the possibility of such an inversion of the total current, generated by the beam of primary   p+  with Еp= 655 MeV in a multilayer lead target,  by measuring the values and signs of the total current at concrete layers of interest, and to thus confirm, that polarization of the lower layer of the Earth's atmosphere is actually due to GCR.   

 1. CONDITIONS, IN WHICH THE EXPERIMENTS WERE PERFORMED

Lead served as an optimal material for the target, since experiments were performed on a short (70 cm) segment of the  p+  beam, extracted from the phasotron. The parameters of the primary beam, that generated the cascade of secondary particles in the lead medium, were close to the ones in previous measurements of the directionality of secondary   е-, produced in an Al medium [1].  The primary protons at the entrance to the target had an energy of 655 MeV and an average beam current up to 2 A. The vertical and horizontal diameters of the beam were  6 cm and  4 cm, respectively. 


Target layers were separated from each other by air gaps or by thin isolating gaskets. This permitted to measure the current from several of its collector-layers, which were assigned numbers 1, 2, 3, 4, starting from the beam entrance. The boundary planes between the layers were, naturally, perpendicular to the target axis.  


The total electric current from the collectors was measured by a M95 constant-current   galvanometer with a minimum current bin (at the main limit) of   0.002 A.   
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                                                                           Fig. 1. 

The cross section of the entrance to layer numb. 1 was usually 1010 cm2, while the cross section of the exit collectors was 2020 cm2.  To estimate the amount of lead, traversed by the beam, after which inversion starts,  a set of 10 lead plates 0.5 cm thick each and of area 1010 cm2, or a single lead brick, was placed at the entrance to the target in some experiments. In different experiments, the number of collectors, from which the current was measured, varied from one to three. The entire target usually consisted of standard lead bricks of volume 20105 cm3 . The number of main bricks in the last experiments amounted to 17 (i.e. the weight of the target was  190 кг).  The target could be placed in the   р+  beam, extracted from the phasotron, as it was mentioned earlier, only on a short segment ( 70 cm  long) of its channel. At the end of the segment the angle of the steel magnetic circuit of one of the focussing lenses of the channel was at a distance of  5 cm from the beam axis. For this reason the symmetry axis of the target was slightly shifted from the beam axis. It intersected the latter at the beam entrance to the target at an angle of   0.1 radians in the horizontal plane. Correction of the position of the target was performed by beam autographs on exposed photographic plates.  

2. RESULTS OF MEASUREMENTS

The results of four experiments, carried out in 1999 and 2000, are presented in the Table (the average primary and total currents are denoted by Ip and I , respectively; the target thickness is  l , and the individual thickness of each layer is  d): 

	Date
	Run number
	Ip , A 
	l, cm
	Layer number
	d, cm
	I, A 

	04.99


	1
	2


	55


	1

2
	50

5
	+0.630

-0 .002

	06.99
	1
	1
	55
	2
	5
	-0.003

	
	2
	1
	52.5
	2
	5
	-0.004

	
	3
	1
	51.5
	2
	5
	-0.003

	12.99
	1
	1
	47
	2

3
	15

5
	+0.150

+0.010

	
	2
	0,8
	50
	2 

3
	15 

5
	+0.125

 +0.015

	
	3
	0,8
	55
	2

3
	15 

5
	+0.040 

-0.0005

	06.2000


	1


	2
	65
	2

3

4
	5

5

5
	+0.070

0

-0.003

	
	2
	2
	70
	2

3

4
	5

5

5
	+0.052

+0.002

-0.004


           Inversion of the total electric current, generated by a beam of primary  p+ with the parameters indicated above, was revealed already in the first experiment. When the primary beam current was 2 A, the current at the entrance layer (collector numb. 1  50 cm thick) amounted to +.63 A, and on the next collector numb. 2 of thickness 5 cm it turned out to be negative and equal to  -0,002  A.   


                 The aim of the next two experiments was to confirm the phenomenon of inversion and to try to increase the absolute value of the negative current on the exit collector by increasing the cross section area of the middle target layers by adding lead bricks to them. 

               The thickness of the entrance target collector (numb. 1) was set to  50; 47.5 and 46.5 cm; measurements of the current were made only using a sole collector, numb. 2. From the Table it is seen, that current inversion was observed in it already after the primary protons traversed 46.5 of lead in it (  1,5 path ranges of the primary proton with the above indicated energy in Pb). The maximum inverted current of  -0,004 A was observed after the   p+  passed through 47.5 cm of lead. 

         Measurements in the third experiment were done during three runs with total thicknesses of the target equal to 47 см, 50 cm and 55 cm. The thickness of the entrance layer numb. 1 was varied three times:   27, 30 and 35 cm. For measurements of the current, collectors numb. 2 of thickness 15 cm  and numb. 3  of thickness 5 cm were used. From the Table it is seen that a negative current was registered only during the third run and only on collector numb. 3.  

          It is necessary to stress that the presence, under the lead target, of an insulating layer 4 cm thick, in which the path range of primary   p+  is many times greater than their path range in lead, the presence to left of the target of an angle of the magnetic circuit of the beam channel lense and the difference of the target's lateral surface from a perfect cone created paths for the primary   p+ to evade the center of the target and subsequently not to hit the collector layers measuring the total current. A significant part of the   р+  was scattered on the initial fragments of the target at angles at which the   р+  flew into air or into the insulator. Protons landing in the insulator could pass through it toward one of the collectors. But some of the   р+,  that arrived in air, subsequently reached the collectors either directly through the air or after being scattered by the angle of the magnetic circuit of the lense. This, naturally, reduced the inverted current and affected the total thickness of lead, after which inversion started.  

            This assumption was tested in the last, fourth, experiment. Here, the target structure was essentially altered. The cross section of the entrance target fragment 20 cm thick was twice reduced (from 200 to 100  cm2), while the insulating layer under it was increased by a factor of   2.25 (up to 9 cm) as compared to the layer in the previous experiments. The thickness of the insulator under the subsequent part of the target (also on a length of 20 cm) was increased up to 6.5 cm (by a factor of 1.6), and only the last lead layers of the target (with their common length of  lead equal to 25 cm) lay on an insulator of the previous thickness of 4 cm. Fig. 1 shows the structure of this target.  


           In the first run, the inversion of the total current occurred only after passage of the primary p+  beam through 60 cm of lead. During the second run, one more lead brick was added in front of the target (it is shown in fig. 1 by the dotted line). So the inversion was shifted by a Pb depth of  65 cm. This confirmed the significance of the influence and of the difference of the target's lateral surface from a perfect cone and of the other factors, indicated above, on the parameters of the total current, generated in lead. Thus, for instance, the fact that inversion suppression by evasion of the target center by the primary  p+ along the insulator at the depth of 50 cm in the first three experiments was small, but strongly increased in the target of the fourth experiment, as the initial Pb cross section decreased and the insulator thickness increased, gives rise to no doubts.   

                                                  CONCLUSION 
        The results of experiments, described in this work, permit to consider established origination of inversion of the total electric current (from positive at the entrance to the lead target, to negative at a penetration depth in it of   50 cm), generated by the beam of primary protons, even with their not quite relativistic energy of 655 MeV ( 0.7mpc2).


         This confirms the validity of the assumption of ref.[1] that acutally GCR are the real cause of the known and accurately measured phenomenon of vertical polarization of the Earth's atmosphere, a consequence of which consists in both the stably sustained negative charge of the Earth, equal to     Q
[image: image39.emf]⊕

 = -5.7105 C, and the same, but positive, charge of the Earth's upper homosphere [2-4]. 

          Truly, advocates of the hypothesis, put forward by Wilson [6] in 1922, of the thunderstorm mechanism being capable of polarizing the Earth's atmosphere may try to support it with the argument that the inverted current, measured by us, is several orders of magnitude smaller than the current of primary   p+, and, consequently, the flux of  GCR (entering the atmosphere with its aforementioned parameters), at first sight having a negligible density  1p+/(cm2s), is not capable of creating on the Earth's surface a current  1800 е-/(cm2s),  known to be necessary for stabilization of   Q
[image: image40.emf]⊕

 .

But comparative analysis of both (thunderstorm and GCR) mechanisms, performed in refs.[1;7], revealed that, owing to the enormous energies (1010-1018) eV of the primary   p+  and of other positively charged GCR particles, each of which creates in the atmosphere 106 shower electrons, -quanta and other particles [2-4], GCR are quite capable of being its adequate polarizer. This is convincingly confirmed, also, by the known density      of ions produced by GCR in the  near-surface layer of Earth's air and above continents and seas,  = 1.6/(cm3s) [5, p.1173] (see  ref. [1]). 

        Contrariwise, Wilson's hypothesis is not consistent, also, with the reliably measured thickness of the polarized layer of the atmosphere ( 85 km) being many times larger than the range of heights, at which thunderstorms are observed. So, thunderstorms, most likely, are only a consequence of polarization of the atmosphere, that is stably sustained by GCR.   


                                                        LITERATURE
1.  Matora I.M., Semenova I.A., Shakun N.G., Shishliannikov P.T.  //  Cosmic rays: a possible generator of the electrostatic field in the Earth's atmosphere.  JINR P1-98-68, Dubna, 1998;  Hadronic Journ. 1999, v.22.

2.
Tverskoy P.N.  Course in meteorology. L.: Gidrometeoizdat, 1962. К
3.
Kraev A.P.  Fundamentals of geoelectricity. L.:Nedra, 1965. 

4.
Krasnogorskaia N.V.  Electricity of the lower layers of the atmosphere and methods of its measurement.  L.:Gidrometeoizdat, 1972. 

5.
Physical quantities. Reference book. M.:Energoatomizdat, 1991.

6.
Matora I.M. // Nature of super-rotation of the Earth's upper atmosphere. Geomagnetism and aeronomy, 2000, v.40, numb.5. 

7.    Wilson C.T. The Maintenance of the Earth’s Electric Charge. Observatory, 1922, V.45.

 A.4.  ASYMPTOTIC MODEL AND EXPRESSION FOR WORK FUNCTION 


FOR  ELECTRON REMOVAL FROM  METALS AND NONMETALS [62]

                                             I.M.Matora, S.I.Kulikova

On the basis of the known fact, that the work function ф for removing an electron from any solid body is independent of the energy of the ejecting incident particle, for instance a photon, and considering the case, when the photon energy hν → ∞, hν → ∞, and, consequently, the electron velocity is large, ve-→ с, we arrive at a simple, from the point of view of calculating ф ,  model of the phenomenon. 


In the conditions considered all the charges of the body during the escape of the so fast electron and photon have no time to noticeably alter their position, and this provides grounds for writing, for both metals and nonmetals (in Gaussian units):     


ф = e2/rФ , 
(1)

where   e   is the electron charge, and  rФ  is the characteristic distance between the two sole noncompensated charges of the system, the ejected electron itself and the hole, produced in its place, that has a positive charge of the same value as the electron. 


The physical basis of formula (1) being universal consists in the fact, that the value of  rФ depends on all the geometric peculiarities of the mutual interposition of charges in the concrete body examined (including, for example, the absence of isotropy relative to directions toward the crystal faces of differing indices), which cannot be altered during  interaction with the electron,  being ejected, of  a single, even of very high energy, particle incident upon the condensed-state  body.  


However, in this work we shall only deal with the spatially isotropic approximation, that permits to rapidly calculate the values of  ф  for all the elements of  Mendeleev's Periodic Table, for which the condensed-state densities were measured  [1, 2, 3], so as to obtain material as complete as possible for testing the adequacy of the model. 


Thus, we assume, that for all elements 




  
rФ = τ N-1/3 (N = ρ/A) 
                                             (2)

where  ρ  is the body's density,   A   is the mass of an atom in the body,  and  τ   is the only parameter to fitted, the value of which will be set to  τ = 31/3.


Then, in this approximation, the electron work function for bodies, composed of identical atoms, is  

                                
ф = e2(N/3)1/3 erg = 10-7N1/3 eV. 
                                  (3)


As to measurements of    ф   , practically all experimental data, that were available by 1981, are systematized and generalized in the well-known monograph by V.S.Fomenko [4]. A dominant majority of the experimental data concerns elements, that are either metals or semiconductors, but there also exist three measurements for  allotropic modifications of dielectric  iodine [4, 5]. In ref. [4] presented are the most reliable, so-called recommended, values of the wok function, selected on the basis of an analysis of numerous experimental and calculated work function values for polycrystalline samples of 66 elements. 
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The solid line in the figure represents the dependence of the work function    ф   , calculated by formula (3), upon the element number  Z , while the behaviour of the recommended  ф values [4] is shown by segments of the dotted curve and by separate points (for Sm, Th and U).


The values of  ф ,  calculated for elements H, N and O, correspond to their solid-state phase, while in the case of Не, F, Ne, Cl , Ar , Br, Kr, Xe, Hg  – to the liquid phase. In the figure,  the work function is given for carbon-graphite, and the calculated value for the diamond modification ф = 5.6  eV. Calculation for dielectric phosphorus yields ф = 3.5 eV, while the value for metallic P is shown in the plot. We only had at our disposal the density of orthorhombic iodine  (4.94 g/cm3), for which ф = 2.86 eV.


Both the periodicity and amplitude variations in the behaviour of the calculated curve ф(Z) are consistent with the behaviour of practically all available segments of the curve for the recommended work function values, and the  extension of each period equals the interval in Z of the period in Mendeleev's Periodic Table, while the phases of oscillations in all periods are identical: the minima are located at their ends. The average deviation of the calculated values from the recommended  ф  amounts to  12% for all 66 elements [4]. Such agreement may, apparently, be considered satisfactory. 


Thus, the presence, noted earlier, of   ф   periodicity relative to the atomic number  Z  [6] and the direct relationship between the density of an element and its work function [7] have acquired, here, a quantitative formulation. At the same time, it has been shown,  that the relation between   ф   and the number  z  of valence electrons of an element, the contradictoriness of which was illustrated in ref. [7], actually does not exist, in accordance with the model. 

 
The behaviour of calculated   ф(Z)   values reveals large jumps in the derivative with respect to  Z  only at the boundaries of periods and the boundaries between the 8-th and 9-th and, also, between the 9-th and 10-th rows of D.I.Mendeleev's Periodic System, edited by V.P.Gladyshev [8]. But, at the same time, there is one short segment  6 < Z < 11  with two anomalously short-period oscillations. A probable cause of the anomaly may consist in the measurement inaccuracy of the densities   ρ  of solid-state nitrogen and oxygen and of liquid fluorine and neon, which may have been taken to be somewhat higher, than the real value, for O and Ne and lower in the case of N and F. 

 
The model also makes it possible to estimate the multiple work function for the ejection of two (ф2) or more (фn) electrons, caused by a single photon, for instance, for a pair of electrons bound in a boson to be ejected from a superconducting element or from a complex high-temperature superconductor. In the latter case, owing to the large distance between the electrons in the pair, the interactions of each of the electrons in the pair with its partner electron or with the distant hole and the interaction between the holes themselves are small and can be neglected. As a result,  the work function for the ejection of a pair   ф2 ~2ф  (ф   is the work function for a single electron to be ejected from the superconductor).  

 
Pair photoemission can be registered in experiments, such as presented in refs.[9, 10], when comparison is performed of the spectra of particles emitted from the sample before and after it undergoes transition to the superconducting state. 


In conclusion, we express our gratitude to V.L.Aksionov, L.B.Golovanov, E.B.Kulikov, V.I.Luschikov, S.A.Rakityansky for valuable discussions and help.  
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                          A5. EJECTION OF NEUTRONS BY THE SUN
  
AS A PROBABLE SOURCE OF SOLAR WIND PARTICLES

                           I.M.Matora1, K.I.Nikol’skaya2, T.E.Val’chuk2

1 LNP of JINR, 141980, Dubna, Moscow Reg., Russia.e-mail:matora@nf.jinr.ru. 
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It is shown that the condition in both the solar atmosphere and the solar subsurface layer are favourable for generation of neutrons via the T(p,n)3He reaction as well as particles via the reaction T(p,) 4He with the subsequent neutron ejection and the solar wind (SW) formation.


The protons p with energy  > o  1.019 MeV (o is reaction threshold power),  initiating T(p,n) 3He reaction, arise through the acceleration of the solar atmosphere p to the centre of the Sun up to energy 1.22 MeV by an electrostatic field which is induced by the cosmic rays (CR) in accordance with a mechanism, proposed in [1] for the Earth’s atmosphere. About a half neutrons (n), born in these processes, with positive radial speeds, closed to the second cosmic velocity, easily transit the strong heliomagnetic field region and after decay n  p + e + produce the SW flows (SW) [2] with maximum velocity of protons 1000 km/s near the Sun [3]. Protons and electrons as well as resulted from their recombination Hydrogen atoms  with velocities insufficient to escape partially fall back to the Sun or create the solar corona with its only possible proton and electron kinetic temperature about 106K [4].

                     1. Conditions on the Sun for generation and ejection of neutrons.


As it is well known, the composition of the Sun including its atmosphere is dominated by the Hydrogen with considerable admixture of its isotopes Deuterium and Tritium [5]. These particles represent not only one of the best pairs generating the neutrons by collisions. Hydrogen at the same time is an ideal decelerator for neutrons and protons. Relativistic protons with energy smaller than that of CR (100 MeV) are recurrently ejected into the heliosphere from the convective layer of the Sun. Hence, it is possible that steady p acceleration to small energy (to several MeV) can take place in this layer too. 


Enumerated processes are sufficient to provide the neutron generation via T(p,n)3He reaction, their slowing-down and ejection, simultaneously through the several channels.

            To start with, let us consider the case, when the process is initiated by the CR secondary protons with energy p a few MeV within the subsurface layer of the Sun. Here the shower protons (as well as the primary p) of CR move toward the Sun, whereas the neutrons generated, which are capable to be ejected, flow outwards. Therefore we shall adopt    in the expression, describing the relation between the  energy p of protons, initiating the reaction and the energy n of the neutrons resulted from it [6, page 143]:

            Q = 0.764 MeV  (4/3)n  (2/3)p  (2/3)(n p)1/2 cos                 (1)

Here Q is the energy of the reaction,  is an angle between the p  and n velocity vectors. Again, the probability of neutron formation through this reaction is maximum at p3 MeV [6, page 141]. To estimate the most probable energy of the generated neutrons n a value p  3 MeV has to be inserted into equation (1) that gives n0.4 MeV for the neutrons, moving from the Sun,.


Without the neutron slowing-down by the Hydrogen atoms within the subsurface layer and outer atmosphere of the Sun a primary velocity Vp of the protons, resulted from neutron decay (n  p + e +) and creating the SW, would achieve a magnitude Vp  9000 km/s taking into account a proton velocity increase Vp200km/s in comparison with the neutron primary velocity Vn. Here it is necessary to take into account the discovered in [7] fact of the existence of  an optimum thickness of the Hydrogen layer, pierced by CR. On the outlet boundary of this layer the greatest number of neutrons is generated by the secondary p. Measurements [7] have shown that such a “thickness” for the Earth’s atmosphere is equal to 123g /cm2. This quantity for the Sun should be 30g /cm2, considering 4 times larger of p slowing-down efficiency and deceleration of neutrons in the solar atmosphere as compared with  terrestrial one.


The number of the elastic neutron-Hydrogen atom collisions “k”, needed for neutron deceleration from its initial energy 0 to the final one E [6, page 399] can be estimated from the relationship      
                                           k  ln (0 / ).                                                 (2)

Approximately 5 (k = ln119.4 = 4.8) elastic collisions with Hydrogen atoms are sufficient for the slowing down of the ejected neutrons from o = 0.4 MeV to f = =0.00335 MeV, corresponding to the neutron speed  800 km /s and appropriate SW proton velocity Vp  1000 km /s as measured in [8] and predicted in [3].


Estimation of the collision number kH of a neutron ejected throughout the above mentioned Hydrogen layer with 30 g /cm2 thickness made, using  effective cross section of the elastic neutron scattering   = 4  R2 (R = 1.5 x 10-13 cm) [6] and assuming their trajectories to be straightforward and orthogonal to the solar surface, gives kH  5. Thus, the neutrons slowing-down in this layer from their initial energy 0.4 MeV to 0.00335 MeV is a real event, even under assumption on  the straightforward trajectory.


The second channel of the neutron generation is localised inside the Sun. Protons, generating n, are accelerated up to small energies (of about a few MeV) within the convective layer, where neutrons arise too via T(p,n) 3He reaction with their most probable energy n  0.4 MeV. The opportunity of such a proton acceleration is confirmed by numerous observations of the energetic proton flows of solar CR with     .

2. Ejection of the neutrons by the solar atmosphere.


The most probable process, accelerating the protons just in the solar atmosphere to the small energies p1.22 MeV, is the influence on the p of the electrostatic field induced in solar atmosphere by CR in the same way as it happens in the Earth’s atmosphere [1].


The total number of particles (Hydrogen atoms, protons and electrons) in the  atmosphere column over the 1 cm2 of the solar surface, extending up to height h = 2000 km, is estimated as Ntot = 1.66 x 1024 cm-2 [5] with the particle number density falling slowly from no = 1.5 x 1017 cm-3 on the solar surface to n  1011 cm-3 at a height of  h = 2000 km. The plasma temperature on this layer of the solar atmosphere is T(h=2000km) = 9000 K.

Let us assume now that an electrostatic field really situates in the solar atmosphere with the field strength (V/cm) that is invariable in modulus and is directed to the centre of the Sun. And suppose the concrete proton at h=2000 km has a primary (thermal) velocity Vo towards the Sun at some initial moment. As it is known, its deceleration due to elastic interaction with the Hydrogen atoms reaches its maximum value for p = 0.25 MeV, for which the mass decelerating ability (MDA) amounts to 1.96 MeV/(mg cm-2) and appreciably decreases for other energies [9, page 1142].


To estimate the result of simultaneous effects of  p+ slowing - down through the elastic scattering on the solar atmosphere particles and acceleration in an electrostatic field we utilise the MDA value, averaged over the proton energy interval p(0-1.22) MeV, given in Table 42.1 in [9, page 1142]: MDA  1.4 MeV/(mg cm-2). Using this quantity let us estimate firstly an equivalent strength of the “electrical field”, responsible for the proton slowing-down (SD) - SD(h). For this, let us multiply MDA by the particle mass of the solar atmosphere in mgrams n(h) x mp = n(h) x1.673 10-21mg (mp is the proton mass in mg) and substitute energy units MeV by 106 eV in the proton energy expression:

             SD(h)  2.34 x 10-15 n(h) V/cm                                                 (3).

It follows from both (3) and the relationship for n(h) in [5] that equivalent to MDA strength of the electrical field, decelerating the protons in the solar atmosphere, increases monotonously from SD  2.34 x 10-4 V/cm at h= 2000km up to SD  354 V/cm at h = 0 km. As one can see, the acceleration of the atmospheric protons by the electrostatic field, induced by CR, is real only in the top solar atmosphere. But the range of heights suitable for p acceleration is so large,  that the mechanism of neutron generation in the solar atmosphere with a part of them moving outwards and escaping with the energy p  0.00335 MeV, without any deceleration in the Hydrogen environment, seems to be sufficiently effective.


After evaluation SD(h = 2000 km)  2.34 x 10-4 V/cm, we find SD(h=1250km)  9 x 10-3 V/cm, i.e., within a height range h 750 km SD is so small, that the p acceleration up to 1.22 MeV takes place, even if the atmospheric electrostatic field strength is =0.0161 V/cm (that is nearly 2 orders of magnitude less, than that in the Earth’s atmosphere   1.3 V/cm). However, the Sun is a magnetic dipole with the near-polar strength H ~ 2 Oersteds [5] and magnetic axis almost coinciding with the axis of the ecliptic. It makes impossible the proton acceleration in the solar atmosphere near the equator, even though H is one order of magnitude smaller than that near the poles, since the vector of electrostatic field strength  accelerating particles, is orthogonal to vector . In such a  case, as it is known, proton trajectory is a series of cycloids, common return points of which arranged on the circle in the ecliptic plane with the centre in the centre of the Sun and radius equal to the radius of the point in which proton has been generated via the Hydrogen atom ionisation. Calculated distance S between the next return points of the cycloids is S < 50m if H ~(0.1-0.5) Oersteds and  0.0163 V/cm.


At the same time near the poles, where vectors H and  are practically collinear, as well as within a wide heliographic latitude ranges, adjacent to poles (~80 per cent of all latitudes), where the angle between these vectors differs appreciably from /2, the acceleration will be sufficiently effective. At low latitudes the proton acceleration trajectories will be much longer than those near the poles, and here the accelerated proton deceleration of by atmospheric MDE begins to be appreciable.


This deceleration within the near-ecliptic zone, naturally, results in essential decrease of the escape speeds of generated here neutrons in comparison with velocities of the neutrons, arising at high latitudes. This is confirmed by the Ulysses measurements of average SW proton velocities at different heliographic latitudes: Vp ~ (360700) km/s within the ecliptic zone, and Vp(600-800) km/s at other latitudes [10]. The latter is a main experimental argument in favour of the above mentioned statement that the reaction T(p,n)3He initiated by the protons, accelerated from thermal to  1.22 MeV energies in an electrostatic field of the solar atmosphere is the most probable generation mechanism of neutrons ejected from the Sun and creating the solar wind. 

           Existence of the phenomenon of creating electrical field, generated in material environment by entering in it of relativistic p+ beam with parallel particle’s velocities, already proved experimentally [11] on Pb multilayer target, bombarded  by p+  beam with Ep = 655 MeV. 

3. Formation of the solar corona and planet exospheres.


The external atmospheres of the Sun and planets have a number of common specific properties:

             The average densities of both neutral (mainly of neutrons and Hydrogen atoms) and charged particles are so small, that the particle movement in either the corona and planetary exospheres is practically collisionless;

             The Sun and planets are magnetic dipoles, that is traps, confining on the magnetic field lines of the upper atmospheres charged particles within a wide energy range (magnetic trap effect on p+ and e in the Earth’s exosphere, out of gravitational influence, has been considered in [7]);

              At the same time, either the corona and the exospheres are gravitational traps for the massive particles; such a confinement is effective only within a narrow range of particle kinetic energies  = m V2 /2, if mean  corresponds to the known virial theorem:  = (1/2) U [4] (U =  mGM0 / r is a mean value of gravitational potential energy in the coronal and exosphere zones).


 Near the coronal base (g ~27000 cm /s2), where at circum-polar latitudes the reflection of the magnetically trapped p+ and e takes place, the solar gravitational field reduces essentially the repulsion of p+ from the Sun by Lorenz force in so-called magnetic fuses. This effect eliminates from below the energy of the protons, confined in the corona.


The quantitative estimation of this effect can be easily made. For this we shall use the facts that the part of p+ trajectory, when a proton is reflected by circum-polar magnetic fuse near the coronal lower border (at r~7 x 1010 cm), is a circle (with a radius   several m) and the magnetic field strength vector  is practically aligned a radius-vector r, directed from the centre of the Sun to the centre of the circle. On this circle there are the radial components of the force of both the proton attraction towards the Sun’s centre, and the proton repulsion by Lorenz force FLr, induced by the magnetic fuse field. The former of these two components, FG =  mGMo / r2 ~  4.54 x 1020 din, is practically constant because of  r~ 7 x 1010 cm, and the latter is FLr = (e/c)VH  (H is a magnetic field component along the circle radius ).


It is easy to prove the following theorem: the low energy limit l of the charged particle, that is capable to be reflected from the circum-polar magnetic fuses and to be kept in the gravitational-magnetic traps (in both the solar corona and the planet exosphere), is El = m V12 / 2 (where V1 is the first cosmic speed on the low border of the corona or a planet exosphere).


 Indeed, the projection H of magnetic field vector on radius , located in the plane of the above-mentioned circle, is H = (/r)H. Inserting H in FLr and substituting  by its expression obtained from the well-known relationship for magnetic rigidity  = (mcV)/eH, we get as a result FLr= mV 2/r.


From the equality of  FLr and FG modules mGMo/r2 = mV2/r we  find 

V2 = (GMo)/r = V12. The theorem has been proved. This theorem is correct for any charged particle of both the solar corona and planet exospheres.


One must emphasise that the proved limitation of a possibility of capture and confinement for a long time both neutral and charged particles with a speed V < V1 by the solar corona and planetary exospheres, as well as the top limitation of the energy of neutrons generated in the solar atmosphere with velocities  800 km /s, opens the way for the understanding of coronal heating (more correctly, temperature stabilisation). Certainly, particle ensembles in each of these objects are continuously renewed.


Just this unbroken process of particle exchange, when particles with V < V1 return to the Sun (planet) and particles with V > V1 are trapped by the corona (exosphere) for a long time, provides the corona (exosphere) temperature stabilisation.

                                                                Conclusion.


One can see that the proposed mechanism of the SW formation via the neutron ejection from the Sun followed by neutron decay into the p+ - e plasma is in a good agreement with measured ranges of  the radial speeds of SW protons at all distances from the Sun. And the predicted superiority of the off-ecliptic SW speed over the speed of the ecliptic solar wind has been confirmed by experiments too [10]. Measured in [10] the superiority of   -particle speeds over the SW proton velocities is quite natural, as far as  -particles are generated via T(,) 4He reaction independently of the neutron generation. Observed in [10] the jet structure of the SW flows and velocity variations also doesn’t contradict the SW formation mechanism considered here and apparently reflects the high spatial structure and time variability of the solar magnetic fields within amplitude   (0.5 - 2) Ersteds.


The mere fact that measurements give Tp / Te ~ 400 in the SW [12], whereas each neutron decay n p  + e +  provides much higher electron velocity enhancement Ve~ 2 x 105 km/s versus a proton one Vp ~200 km/s (Vp / Ve = 10-3), cannot be considered as an argument against the neutron ejection mechanism of the SW formation. Indeed, the ratio  Ve / Vp = 103 refers to the initial (close to the moment of  n decay) speeds of the concrete p  -  e - pair. But for the SW particle ensemble close to the Sun the number of  n decay events is extraordinarily great, and owing to a large difference between electron and proton velocities (Veo >> Vpo) the particle number densities are in the inverse relation npo >> neo, i.e.an electrical polarisation of the SW plasma as well as an electrostatic field arise in the particle flow. As soon as the field strength reaches the value r ~ 10-6 V/cm, electron speeds are reduced to nearly zero energy at a distance r of about a few solar radii that is confirmed by measured in [12] closed to each other p  and  e velocities: Ve~2 Vp. Therefore, the capacity of the proposed SW generation mechanism is beyond the question.


The authors sincerely thank N. Zhuravleva for editing the English translating.
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