Dear Dr. Chakalov,

Thank you for your letter and attention to my paper entitled “On the problem of Zitterbewegung of the Dirac electron”. I appreciate it greatly, that you find it interesting enough to put it on the site: 

http://www.God-does-not-play-dice.net/Sepunaru.html .

It is quite difficult for me to answer your questions directly since I lack of proper background in cosmology. However,in these days I am discussing with Dr. Martin Rivas the issues closely connected with those rised by Dr.Wolff :

Milo Wolff (22 November 1997), The Physical Origin of Electron Spin, 
http://publish.aps.org/eprint/gateway/epget/ 
aps1997nov22_006/PhysRevSpinNov97.html 

It seems to me that our discussion may has general interest, especially since we are presenting apparently antagonistic points of view and nevertheless we understand and except their scientific legitimacy. I would like to ask your agreement and permission to publish our letters (attached) on this site.

Sincerely Yours

Daniel Sepunaru

Research Center for Quantum Communication Engineering

Holon Academic Institute of Technology

E-mail: daniels@hait.ac.il 

E-mail: danielsepunaru@walla.co.il 

Dear Dr. Sepunaru
It is a pleasure that from time to time physicists have a look to such old
features of the electron dynamics. In my opinion it is not an "insignificant" problem
but rather it is connected with the spinning electron strcuture. 
This zitterbewegung has a very clear explanation if a proper classical theory
of spinning particles is posed.
If interested I enclose the table of contents of a book I published four years ago
in which a classical interpretation of spin, and also of the zitterbewegung
and the electric and magnetic dipole structure is analyzed.
 

Sincerely
Martin Rivas
Theoretical Physics Department
University of the Basque Country
Phone:+34946012593
Fax:     +34946013500

E-mail:wtpripem@lg.ehu.es
E-mail:martin.rivas@ehu.es
Postal Ad.: Apdo. 644-48080 Bilbao (Spain)
 

 

Book:
M. Rivas
Kinematical Theory of Spinning Particles
Classical and quantum mechanical formalism of elementary particles
Kluwer Academic Publishers, Dordrecht 2001.
Fundamental theories of Physics vol. 116
<http://www.wkap.nl/prod/b/0-7923-6824-X> (hardbound)
<http://www.wkap.nl/prod/b/1-4020-0356-0> (paperback). 

Dear Dr. Rivas,

Thank you for your letter and attention to my paper entitled “On the problem of Zitterbewegung of the Dirac electron”.

First of all, I should apologize that I did not read your book yet.

Unfortunately, copy of your book is not available in the Tel-Aviv area, however, the Technion library has one and I will receive it, hopefully, in the next few days.

Nevertheless, I take a risk to answer before reading the book. It may happens, that after reading, I will change my approach to the problem, but now I would like to clarify what I meant in the paper. 

I define the idealized notion of the fundamental fermion as structureless object with respect to space-time coordinates. I consider the observable electron (for example) as the dressed fermion wave packet, which may contain, and I guess, should contain the anti-electron components in order to be stable. Similarly, I consider the baryons as a colorless observable wave packet of quarks. Similar picture, indeed, holds also in the boson sector, for example, the observable photon is the coherent state of the “elementary” photons

(to be more accurate, I should call it the measurable state and not an observable state).

I am familiar with the results that you discuss in your book (however not so systematically) and, perhaps, there is no contradiction between them and the results presented in my paper.

If we consider structureless one-particle solutions of the Dirac equation, it is more natural to expect that the particle and anti-particle solutions will be completely separated. Indeed, this is what actually done in the QED through introduction of the second quantization procedure.

In my investigation I try to achieve reconciliation of the structure of the Dirac equation with the quaternionic and octonionic extensions (with complex scalar product) of the standard Hilbert space formulation of the QT. If you use these mathematical frameworks, your gauge groups are 
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 intrinsically. You do not have a freedom to consider something else. Also, the structure of the operators is very close to that of 
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- matrices (generators of 
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 algebra). I propose the version of the equation of motions with the underlined algebraic structure based on real quaternions and not on 
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 algebra with complex coefficients. The reason is obvious: the Hurvitz algebras are unique as far as the physical requirements are taken into account. Then the obtained equations provide automatically separation of the particle and the anti-particle solutions.

Eventually, we get two-component theory of the massive fundamental fermions.

Sincerely Yours

Daniel Sepunaru 

P.S. In my opinion what is “significant” or “insignificant” is matter of personal test, as well as the decision what problems are still open. For me, reading the book about spinning particles is much more interesting than speculations about the origin of the universe.

Dear Dr. Sepunaru,
Thank you for your answer to my comments. 
I am not very much aware about Hurvitz algebras but the fact you mention
that they are unique "as far as the physical requirements are taken into account" 
makes me guess that they would provide a strong constraint to physical systems.
Nevertheless one has to distinguish between mathematics and physics.
I would like to know some more details of your statement about these algebras.
 

I am more involved in the theoretical idea of: what is an elementary particle?
Is it possible to give a meaningful answer to this question?
In this sense, and before the sample of my book  arrives, I suggest you
to have a look to some of the following papers devoted to this subject:
 

M. Rivas, Classical Particle Systems: I. Galilei free particles, 
J. Phys. A 18, 1971 (1985)
 

M. Rivas, Classical Relativistic Spinning Particles, 
J. Math. Phys.  30, 318 (1989)
 

M. Rivas, Quantization of generalized spinning particles. New derivation of Dirac's equation
J. Math. Phys. 35, 3380, (1994)

 

M. Rivas, Is there a classical spin contribution to the tunnel effect?, 

Phys. Lett. A 248, 279 (1998).

 

Rivas M., Aguirregabiria J.M. and Hernandez A.,

A pure kinematical explanation of the gyromagnetic ratio g=2 of leptons and charged bosons
Phys. Lett. A, 257, 21, (1999)
 

M. Rivas, The dynamical equation of the spinning electron
J. Phys. A, 36, 4703 (2003), also LANL/ArXiv:physics/0112005.

 

M. Rivas, Classical elementary particles, Spin, Zitterbewegung and all that, 
\\ LANL ArXiv:physics/0312107.


Best regards
Martin Rivas

Dear Dr. Rivas,

Thank you for your letter.

I. First of all, let me answer your question about Hurvitz algebras. I prefer to use a physical jargon instead of rigorous mathematical definitions. In contrast to infinite diversity of all possible algebras, the Hurvitz algebras are the number systems. In the literature they are called quadratic normal division algebras or, shortly, composition algebras. Below, I will describe conditions that they should satisfy, but now I present the result of the famous Hurvitz theorem: The dimensionalities of these algebras are respectively 1,2,4 and 8. That’s all. There are no others. Most popular examples are:

1) 1-dim algebra of real numbers;

2) 2-dim algebra of complex numbers with real coefficients 
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3) 4-dim algebra of real quaternions (Hamilton numbers) 
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4) 8-dim algebra of real octonions (Cayley numbers) 
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 are real numbers.

Roughly, the conditions they should satisfy are the following:

    1) division - the equations 
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       Translation to physics say: It is required repeatability for

       the results of the physical measurements and independence 

       from free choice of the experimentator or interpretator.

    2) composition - 
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       Translation to physics say: It is possible to construct 

       many-particles physical system without interaction (ensemble

       of completely independent physical objects first and 

       introduction of interaction at later stage).

Indeed, if you are interesting to study object further, I will provide you with references.

Speculations:

1) If you believe that a) the principle of local gauge invariance is the principal physical postulate and b) there are only four fundamental interactions, then you should find the reason why the number of fundamental interactions is finite.

2) If you examine the different versions of the electroweak unification and suggested models for the grand unification, you may come to the conclusion that there exist some more fundamental underlined condition that dictate that (for example) the electroweak unification fit the 
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 gauge symmetry.

3) The signature of the real quaternions is: (1,-1,-1,-1) and the observable physical space-time continuum share the same signature:
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It should be a reason, why it is  Minkowski space and not Euclidean or, (for example)
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and why it is 4-dim.

As historical matter, Maxwell used the real quaternions discovered by Hamilton in order to derive rules for the vector algebra. In addition, as answer to your remark, I would like to mention, that the popular in applications 
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 Lie algebra is 24-dim, non-associative, non-division and non-composition algebra. Therefore, let us be careful not to loose a proportions what is simple and what is complicated.

II. I like your definition of the elementary particle. It sounds physical compare with E. Wigner, which is formally mathematical. I need to check Wigner paper, whether they are equivalent or not. However, practically it means, that you will never know, since you need a probing device to “see” what happens up to Plank scale, where the notion of the space-time point will require more careful consideration. So, be ready for surprise. For example, H. Harary and M.A. Shupe predict composition structure of the particles today considered as elementary. Intuition tells me, that there exist only three families of the fundamental fermions and they are structureless with respect to space-time continuum. Consequently, all connection bosons are also truly elementary.

I read three of your papers (first reading). I need more time and reading the book in order to consider myself in a position to ask questions. However, I get impression that you have terrible difficulties with the photon and neutrino. Nevertheless, your analysis seems to me very important in any case. Since I was a student, I was interested to know how to construct stable fermionic wave packet a la E. Schrödinger, Naturwissenchaften,1926,14,H.28,664,which will maintain electron charge, mass and spin. Similarly, how to incorporate polarization (spin) for the boson wave packet. If you succeed, you will get answer how to reconcile the point-like behavior 
of the quantum electron with it Compton wave length. I do not know whether somebody already has solved this problem. I will appreciate it greatly if you will tell me what is the current status. It seems to me that your investigation is closely connected to these questions

Sincerely Yours

Daniel Sepunaru.

P.S. And linear superposition principle will lead to the death of renormalization.

Dear Dr. Sepunaru
 

Thank you for your explanation of the Hurvitz algebras. I see they are only 4 possible algebras. 
I wander whether they can be related to the geometric or Clifford algebras of small dimension.
What I cannot grasp is their interest in describing physics, although the mathematics involved
looks very promising and there are several funny coincides like signature, space-time dimension, etc.
 

I strongly believe that the principle of local gauge invariance is not a fundamental principle
like the relativity principle or the uncertainty principle. It is just a consequence of local conservation of probability and the subsequent second quantization of the formalism. Then it is already contained in the general quantum mechanical framework. It is a principle which has to be fulfilled by the interaction Lagrangian as a consequence of the quantum description of the interaction between
elementary particles.
 

What makes me feel more uncomfortable is the distinction between external (or space-time)
and 'internal' symmetries. If the internal symmetries have to be postulated this is an endless
story. We can try as many SU(n) groups as we like to fit the theoretical predictions with the data. 
All known conservation laws in particle physics (internal and external) are deduced by analyzing
the corresponding particle tracks of the experiments. But these tracks are just a frozen collection
of space-time events. By analyzing these space-time tracks we consider as a normal
result the deduction of the conservation of energy, linear and angular momentum. But we also
obtain by analyzing the same space-time tracks the conservation of all internal quantum numbers
and we say that these conservation laws are not connected with space-time symmetries.
Something must be wrong.
 

I think that the renormalization of the quantum field formalism must be avoided in future. It is the way we are able to produce sensible results by now, but it is perhaps a consequence that we are not doing well the fundamental statements. In my opinion we must start the whole formalism by quantizing from the very beginning the classical systems of spinning particles instead of quantyzing first the physics of spinless objects and afterwards introduce spin as a collateral consequence. Spin is, perhaps with the charge, the most important intrinsic property of nature.
 

Best regards

Martin Rivas

 Dear Dr. Rivas

Thank you for your letter.

I would like to comment your statements. But before that, let me clarify some technical details concerning Hurvitz algebras. The Hurvitz theorem establishes that the dimensionalities of the composition algebras are fixed: 1,2,4,and 8. It is not stated that there are only four possible algebras exist. The opposite is true and,  perhaps, it was not emphasized clearly enough in my previous letter. For example, there is continuum of possible 4-dim composition algebras and the Hamilton numbers are only “flat” and most known example of them. I remember that during my studies of J.M. Osborn’s paper on quadratic division algebras, I did exercises and it seems to me that the result was that only signature must be preserved. I didn’t keep notes. However, I think I have got conditions suitable for applications in the curved spaces.

You wrote that you “cannot grasp their interest in describing physics”. It seems to me, that you mean only one of the Hurvitz algebras: quaternions. However, we are talking about all Hurvitz algebras treated uniformly (specifically about quaternions compare with P.A.M. Dirac, Proc. Roy. Irish Acad., 50A, 261 (1945)).

The numerical system suitable for the class of the physical theories called classical physics is the 1-dim Hurvitz algebra of real numbers (see E.C.G. Stueckelberg). The numerical system suitable for the non-relativistic Q.M. is the 2-dim Hurvitz algebra of complex numbers.  In order to explain the experimental results of the electron behavior in the magnetic field (still within the framework of non-relativistic Q.T.), W. Pauli introduced 
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 Clifford algebra (Pauli matrices). This breaks the algebraic structure of the Hilbert space (the mathematical framework of the standard Q.M.). Following this , P.A.M. Dirac achieved the electron equation of motion. 

The quaternions are the
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Clifford algebra. From formal mathematical point of view there is no difference, whether one use Pauli matrices or quaternions as the elementary building blocks for 
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.  The difference is only in the signature.  So, you should justify the physical significance either of the Pauli matrices or  quaternions at the same level. As mentioned above, Pauli invention of the fermion spin breaks the mathematical structure of the Hilbert spaces. Now, the question is what is the mathematical language that fit this invention.

It seems to me that we are using the word “principle” in the different sense. What I have in mind is that  physics has the same axiomatic structure as the “mother” of all the sciences: geometry. Namely, five principal postulates and set of  auxiliary axioms, which provide definitions of the objects discussed. Then all rest may be obtained deductively. From this point of view the uncertainty relation can’t be considered as a principle, since you may derive it within two minutes. Certainly, you do not consider the relativity principle in the same way as I do, since you consider the possibility that the particle with non-zero rest mass may move with the velocity of light. The equivalent statement, namely: “ There exist upper bound for the velocity of propagation” I consider as a principal physical postulate and for this reason consider the Dirac equation inconsistent with the special relativity.

I feel very comfortable with the distinction between the external and internal symmetries. The first example of this distinction that I know is in the classical electrodynamics. You have the conservation of the electric charge and the corresponding Noether current and one does not understand where it comes from.  Now you enter QED with the help of E. Schrödinger, H. Weyl, D. Bohm and Y. Aharonov and you meet your old good friend physically invented by A. Einstein - covariant derivative.  You have two contributions, which are distinct but inseparable – the space derivative and the connection. Even our communication demonstrates that there is no physics without connection. Add to that C.N. Yang,  R. Mills and R. Utiyama and you have perfect axiomatic concert of all instruments together.

 By the way, I would like to attract your attention that the experimental result on the proton decay rejects grand unification models altogether. In addition, the “minimal” 
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 is already too large in order to be consistent with the concept of the elementary particle architecture of  physics.

 Now, we may return to the central question of our discussion – spin. It is the additional example when there is no clear distinction between external and internal symmetries (A. Einstein general relativity is the original one). No doubt that the spin is the fundamental property of all quantum particles. For these reasons, I suggest to consider the possibility that the spin is the internal property of the space – time continuum. As example, I propose the hermitian operator, which describes a point in quantum mechanical world with 
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Indeed, my suggestion may be justified only if you assume that the fundamental fermions are precisely point-like objects. Now, let us assume just an opposite. Then, you  should have some kind of “Zitterbewegung”. My ignorance leads me to confusion. What is the current experimental situation? I guess that today experimental equipment should allow measuring the Zitterbewegung oscillations.

If not, why? And how essential is the assumption that the instant velocity of the electron is equal to |c|? Your investigation as well as of K. Huang, A.O. Barut and others based on the assumption that Zitterbewegung is a property of the electron and not just a property of the Dirac electron. I will appreciate it greatly if you would clarify to me what are the common results and where are the differences between their and your approaches. In addition, I would like to quote footnote from E. Schrödinger paper and would be glad to receive your comment on it  (I hope,that my translation from Russian is accurate enough):

“ It is interesting to note, that for the 2-dim oscillator the quantum levels are integers, while for the 3-dim oscillator they appear again as half – integers. The same is true for the rotator also. Thus, this so important feature for the spectroscopy (half – integer values of the levels) is connected with the odd number of the dimensions of the space”. 

 Perhaps, neutrino does not know that it lives in the 3 – dim space and not in the

 1 – dim, similarly, photon may be “thinks” that it’s world is 2 – dim. However, what about massive bosons and 
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 in particular?

Sincerely Yours

Daniel Sepunaru

P.S. Dr. D. Chakalov put my paper on the site

 “ http:// www. God-does-not-play- dice. net / download. html”. 

and ask me questions related to cosmology. I still did not answer him since I lack of proper background. However, it seems to me that our discussion may has general interest, especially since we are presenting apparently antagonistic points of view and nevertheless we understand and except their scientific legitimacy. I would like to ask your agreement and permission to prepare our letters for publication on this site.

P.P.S. Yesterday I finally received your book. It turns out that it is Prof. A. Peres personal gift to the Technion library.

Dear Dr. Sepunaru,
 

Thank you for your disagreements. This is the only way to improve knowledge.
Concerning my comments and letters, feel free to use them at your will, in the context
they were produced. I am now very much engaged with academic duties 
and I will prepare my answer to your last message in the coming days.
 

Best regards
Martin Rivas
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