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ABSTRACT

Only sbsclutely stable particles can be truly elementary. A simple
theory of matter based on the three constituents, proton, electren and neutrino
{and their antiparticles), bound together by the ordinary magnetic forces 1is
presented,which allows us to give an intultive picture of all processes of
high-energy physiecs, including strong and weak interactions, and make quentitative
predicticns.
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I. INTRODUCTION

"Can high-energy physlcs be too easy?" asked a recent editorial in

“Nature"ll. At present, the piecture mostly used in high-energy rhenomenology

is becoming admittedly very complicated. Besides leptons {which we see), one
introduces families of "quarks", each with different colours, then the so-galled
"gluons™, which are the gauge vector mesons binding the quarks, then there are
the so-called "Higgs particles”, which give masses to some of the vector mesons
(all of which are not seen in the lakoratory). One is alresdy beginning to talk
sbout a second generation ¢of more fundamentsal and simpler objects for these
quarks and gluons etc.,even though these first generaticns of "basic" objJects
have not been seen. This type of framework seems to create more problems

than it solves 2).

Against this background of recent developments, we wish to expand here
s very Intuitive and simple physicel theory, along the traditions of atomic
and nuclear structure theories, from which a unified picture of high-energy
phencmena can be deduced. High-energy physics is very expensive. One must have
alternative views, 1f only to test better the inevitability of the orthodox
pileture. Furthermore, Physicel phenomena must be explainable in & simple
iptuitive form in terms of already verified definite primsry concepts, and
continuous with the existing physics.

Ir. THE PHYSICAL PRINCIPLES

Atoms and molecules are best described as built from electrona and
nuclel bound by Coulomb forces because they digihtegrate into electrons and
nuclel, which we detect,and because these constituents are stable as far as
atomic processes are concerned. In turn, nuclei end all the hedrons eventually
de¢ny into the absolutely stable particles: protons, electrons, neutrinos
and photons (electromagnetic field). We present kere a theory in which all
watter is made up of these steble constituents, bound again by electromagnetic
forces. One can of course ask questions about the nature of the absolutely
adable particles themselves. Thisz is another level of enquiry. In this
auper we shall teke these ae given and elementary.

At first such an idea might seem lmpossible or outragecus, because
electromagnetic forces between p, e and v {and their antiparticles) cannot
possibly, one would think, give the necessary strong binding and strong inter—
actions between hedrons. On the other hand, the idea that stable particles
are the constituents of hadrons is probably very old as a general idea, if
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not carried out in speciflec detalls. For example, with the hypothesis of
neutrine in B decsy, Pauli's mndel of the neutron was a bound state proton,
electron and antineutrino 3). This model was soon sbandoned {to be revived
much later h)) for one did not know how to suppress the large magnetic moment
of the electron {on nuclear scale) inside the nucleus, and one did not know

any deep enough well to contaln or confine the electron in the nucleus.

What 1s new, however, is the recognitiocn that magnetie forces between
the stable particles, when treated pon-perturbatively, become very strong at
short distances {short ranged), provide a deep enough well to give rise to
high mess narrcw resonsnces, have saturation property and give rise by magnetic
pairing to the compensation of the large magnetic moment of the electron. In
the construction of atoms and molecules we make use only of the electric
(Coulomb) part of the electromegnetic forces and treat magnetic forces as
small perturbations. There 1is, however, another regime of energies and distances
in which magn?tic forces piay the dominant role and the electric forces are
smell perturbations. We shall show this quality with explielt calculations.

It would have been strange‘ if Nature provided magnetic forces Just to be tiny
corrections to the tuilding principle of atoms and molecules (which could

exist without them) end not to play an equaelly important role in the structure
of matter. Clearly, a model of this type alsc automatically provides a dynamical
theory of nuclear forces.

There are two main immediate questions or objections to our propositions.
Why do we not see 1n the laboratory strong forces between proton and electron,
electron and positron, or electron and neutrino ete., whereas we see gtrong
forces between pions and protons, or protons and neutrons etc.? How can we
obtain the rich world of hadrons just starting from the three stable particles
P» €, v (and their antiperticles), the multitude of internal quantum numbers
like isospin, strangeness, charm etc., the gultiplet structures and symmetries?

Correspondingly, this work has two parts. A kinematical part showing
the composition of all hadrons and their multiplet structures, hence the
meaning of internal guantum numbers in terms of the stable particles, p, €, v.
This by itself is s remarkable mapping of hadron states onto the combinations
of stable particles, the eventual final products of all unstable matter,and
of hedron quantum numbers into those of three stable particles, p, e, v.

The second part iz dynamical showing that crdinary magnetic spin-spin
and spin-orbit forces, when treated non-perturbatively, have the correct size

(strength) and shape to give hadronic and nuclear states.

We begin with the second part in order to answer immediately the
Problems ralsed above.
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A number of models, with inereasing complexity, have been studied in
recént years, and we have a good understanding of the spin-spin and spin-orbit
potentials at short distances h)TT]. Consider, for example, & relativistic
charged spinless particle m in the field of a fixed (quantum} magnetic
momentum u: B), or alternatively, a charged spin—% particle of mass m and
magnetic moment 7 , in the field of a fixed charge In both cases,

the effective radial equation can be written, in appropriate co-ordinates, as

2
[- d—2 + V(j,!,,r)] u = iu, (1)

dy

a
where the effective potentinl is given, epart from the Coulomb potential ; N
by

2
V(,j,l,r) = E..U‘_'H;EL.:L + Egg_(.rj.:;!'_l +

L @
¥ ¥ Y

with e = t1 {relative sign of the charge and magnetic moment); c(J,&) is
1

equal to =-(2+1) for & =) + and equal to & for & =) - 5 . TFurther-

3

more (in units c =% =1), r = pey = uo oy ¥ (M is the mass of fixed

M1

magnetic moment - in the second cese put M = n), and the eigenvelue A is
uzae
A o= (2 - ) W= - nd) 2 (3)
e
1f we solve the same problem with & Dirac equation and give also an anomalous
magnetic moment . a +to the particle, then additional terms are added to Eq.(2).5)
Further models also treat the magnetic moments of both of the particles.

The potentisl (2) is treated in atomic phencmena (1ately also in the
quark model} as a perturbation. This 1s Justified if the energies are of the
order of Coulomb energies and for Coulombic bound state wave functions. New
phenomena cccur, however, if the magnetic potentiel is treated non-perturbatively.
Fig.l shows the schematic form of the potential at two different energles
and angular momenta in the case when the anomalous magnetlic moment terms are
ineluded. We see three distinct regions of potential wells: The Coulomb
region at dlstances r = %; (Bohr radius), hence momenta of the order of am
or non-relativistic energies of the order of aam the nuclesr region at v g % )

{relativistic) energies %‘ {~100 MeV) and the supernuclesr region of

ra g— and emergles 32- (10 GeV).
o .

The form of the potential at very short distances is still quite
uncertain in these models. Furthermore, the potentials are modlfied by form
factors. Form factors must also be calculated non-perturbatively, and

hym
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gelf-conaistently from the wave functions which are localized around each well,
respectively, in Fig.l. 61,7} Porm fectors can easily be lncorporated into
the model (1)-(2) by teking u = u{r)}. At intermediate distances the form of
the potential is essentially correct. Unfortunately, guantum electrodynamics
cannot tell us anything about the non-perturbative short distance behaviour of

the potentisl between two particles.

Zero-mass 1imit

Tt is important for our model later to remark that Egs.(1) and (2) alsc
hold for & massless particle in the field of & magnetic moment, or for s mass-
less particle with an anomalous magnetic moment {or with only en anomalous
form factor) in the field of a charge 10). Note that mass m appears only

in Eq.(3).

We can now answer the question ss to why we apparently do not see

strong intersctions in the leboratory between the stable particles p, e, v.

Scattering against a barrier

The effect of large repulslve potential bparriers as in Fig.l on the
scattering of two fermions (say e+. e } can be evaluated numericelly (and
sometimes analytically). The cross-section of penetration to the attractive
region is very small except at the sharp energy and angular momentum of the
resonance, when “rescnance penetration® 11} takes place. The pertial phase
shift, shown in Fig.2, shows a sharp Jump of sbout T near the resonance
energy (anomelous scattering). The sharper the rescnance, the steeper is the
Jump of the phase shift. The effect of this behaviour on the total cross=-
section is,however,only a small bump, its width being proportional to the
width of the resonance {Fig.2). Indeed most hadron resonances are
experimentally seen as such small bumps in cross-sectlons on a large background.
Some predictions based on this phenomenon will be made after we present the
model of hadrons.

On the other hand, a pion, being itself a spin-zero resconance state
of stable particles (see following sections),can penetrate much more easlly into
the region of strong megnetic forces of other hadron constituents, because
of the absence of the spin-spin barrier.

An important property of magnetic potentials (Fig.l) is that the
seattering amplitude is analytic in the whole of the angular momentum plane,
hence is a sum of Regge pole contributions only. This has many applications

in the analysis of scattering processes.
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III. ORDINARY AND STRANGE MATTER

Ordinary matter can be built up from p, e and v {(and their anti-
particles) according to the rules that we shall state explicitly. These are
pions, neutron and 4 resonances, hence also nuclear matter, atoms and
moleculeg., In order to deseribde the bullding-up principle in a more general
way to Include "strange" particles, we must first telk about the yu mescno.
The y meson can be thought of as a megnetlc excitation of the electron due
10 the interaction of its ancmalous m;.gne‘t_:ic moment with 1ts own field. These
12}’13). Another (perhaps equivalent)
way, from our pocint of view, 1s to consider p 88 & wagnetic reacnance state
of (evy) into which it deceys. We ahall see that the pairs of the type (ev)

arguments are at present semiclessical

are identified with pions. Thus,in order to obtaein a spin*%* state we need
three steble partlcles,and {ewV) is then dynamically & little more staeble than
the (eV) states.

The magnetic three-body problem {evv) can be approximated by en
equivalent two-body problem (ev)v and considerations similar to Eqs.(1}-{3)
may be applied. The charge-magnetic moment system gives in the Bohr-

Sommerfeld quantizaticn a quantized energy spectrum of the form AE = Jmh,

n=1,2,3,... Adding this to the rest mass, one obtains a leptonic maas
spectrum
M = m +31 g ot ()
e 2a e
n={
for electron (N = 0), muon (N = 1), (N = 2),... The predictions for muon

(105.55 MeV) and T(1786.08 MeV) work very well and the next lepton predicted
15 §(10.293 GeV). The cosfficient A = 21z can slso be derived by semi-
classical arguments 12). These results should only be considered as a
beginning of a dynamical theory of heavy leptons. Nevertheless, they are
interesting, becasuse we have no cther hints or ideas concerning the repetitions
of leptons in the serles e, u, T,... which is one of the most fundemental
open problems of particle physics 1 .

The v resonences are inferred from the m = 0 limlt of the Dirac
equation in models similar to Egs.(1)-(3). Hence an interacting v is
necessarily a four-component neutrino. Omly in the esymptotic region can the
free Dirac equation split into two two-component equeticns. We shall make the
hypothesis that the neutripo has en ancmalous magnetic moment,or at least
a magnetic form factor,even if its megnetic moment is zero (on the mass shell).

We also do not make, at this stage, a difference between Ve and vu .
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The u meson, behaving very much like the electron, can in turn form
magnetic palringes and rescnances with the stable particles, forming the so~
called "strange" hadrons. In fact, it wlll turn out that the number of 1.|t
mesons in hadrons 1s exsctly equel to the "strangeness" quantum number of
hadrons. This apparentl?ﬂype of hadrons is more unstable and deceys into
ordinary hedrons if the u inside the hadron decays. During strong inter-
actions, w is stable, hence ptrangeness ls conserved {see also next sectionm).
The u meson, rather than being & "redundant" perticle {"the world would be the
same 1f y did not exist"(!)) now plsys an essential role in building up the
hadrons.

Iv. CONSTRUCTION OF HADRON BTATES AND BUILT-IN CORSERVATICN LAWS

There 1s a very simple relationship between lepton quantum numbers and
quark quantum numbers. If we compare the triplet £ = (v, e s u_) with the
quark triplet q = {u, 4, s), we have

2 = 2
Qq=QE+3B’_. Bq-B£-3B , (5}
wvhere Bt stands for the lepton number and B‘1 for the baryon mumber. This
we have called the "shifting principle”: shifting two-thirds of the leptan
number Into the electric charge. Hence

Q +By =Q +B .

It ia then straightforward to construct the meson gquapntum numbers as (2T}

states, both pseudoscalar and vector mesons.

In the case of baryons, the proton 1s always a final constituent of
all baryons. The baryons cannot be constructed as (22%) states because then
L would be equal to 3 and B = but as p!.l states glving total baryon

number B = 1 and lepton number L zero.

The conservation of lepton and baryon numbers and charge are
automatically built-in in this model, because p, e and v are absolutely
stable. The only dynamiecal process is the palr preoduction of constituents
vwhich cconserves @, B and L.

A physical interpretation of the mysterious internal quantum numbers,
like 1sospin and strangeness, emerges from the model. As we have noted, the
u number is equal to the strangeness number 5. Hence the number of all
quantum numbers is reduced by 1: S = Nu" - N

u-
T

The 1sotopie spin quantum number essentlelly counts the mumber of n
stable constituents (p, ¢ and v}. In order to see this more precisely, we .
first define the third component of isospin and the isospin creation and
annihilation cperators

1
[ == =K_+0H = N + N - N_
3 2(P P e e v "}’

1, + .
I (ava

v E o' a’:" a‘_‘,), = (I+)+ . {6)

The empirical Gell-Mann-Nishijima formule is now derived and automatically also
built in the model:

Coae = ——

. 1oL
Q=N - Ny * Ny B+ N, -N._=I3+3 (np N§.+S), (T}

because E N, = i Ny for ell states (1.e. Ne++ Hu*’ + Nﬂ' - Ne_ + Nu_ + Nv)'
1
Figs. 3, U and 5-show the hadron multiplets in minimal reallzationm.

We can of course add to each hadron a lepton pair (11) of the peme species

without changing the quantum numbers. For example, the physical proton
(8]

can be thought of as having a m cloud:

15)

‘ 1. -+ -
Prhysical © P [E, {ee - W)] ' (8)

as can be seen by applying I_ to it or I_'_ 4o the neutron state, |

A full physicel interpretation can be given to the concept of isospin
as the quantum-mechanical excha;'.\ge process of the lepton pair (e ¥) between
two systems, exactly like the exchange effects in H; molecule. To see
this we go to the two-nucleon problem, where the notion of isospin has
historically originated. The states of definite isosplin are

2

D, (pn + np), on (I =1), and “.{%‘ (pn - mp) (I =o0) .

2

)

In the I. =0 stete, (eV) is exchanged between the two protons and we have
the symmetric (I » 1) and entisymmetric (I = 0} states with respect to the
exchange,which are elgenstates of the total Hamiltonlen. We could make a
simllar isospin triplet and singlet in atomic physics with

- 1 -
PP, -{—i (Bp + pH) = Hy oo+ Hy s 1—5. (Hp - PH} = Hy gpiieym,
2

_8-
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Here {p,H} iz an iscspin-doublet (13 = + % and - %) and Q= 13 + % . Also
1= a; . Similarly, if we lock st two-pion states of definite isospin

t 1,1t 0 0t 1 0.0 + - _
2y L, =) e A, =2 e 2>+ [rTe )
1 t 0 o 2 1 + - -+
== {[n,n - n ,ﬂ>} —"-(|1r1r>-|n1r>}
Lol 2
oot o -+ 0.0
= {le >+ |nTe > =} .

or, plon-nucleon stetes of definite isospin

+ 1 0 + 1 - -
pr , = {2]|pr + |onm }, ={2|n= + |pr }, am
V3 ? 2 L&) 0> %

1 (o] + 1 Q -

—= (|pn - 2lnn b, == {-|an + 2|pr b,

we see that the iscapin Is identical to. the symmetric and antisymmetric
exchange or rearrangement of constituents. Isospin conservation is alweys
used or tested in the reactions of two or more hadrons when stable constifuents
can be exchanged between the two hadrons, as between two atoms. It is not
necessary to assign an isospin to individual hadrons, let alone to the
constituents of hadrons, although the third component of isospin can be
assigned to the constituents vie the Gell-Mann-Nishi)ima formula. The
conservation of the third component of isospin is equivalent to the con-
servation of the number of stable constituents,because the only processes
oceurrirs in nature, according to the present model, are the resrrangement

of constituents when two hadrons interact and pair production and snnihiletion

of stable particles. The conaervation of T ar 12, in strong interactions,

on the other hand, is the conservation of symmetry properties of steble
leptons (eV) under exchange between the hsdrons.

The physicael intuitive meanings given to the abstract intermal quantum
numbers of hadrons is an fmportant feature of the present theory: The

constituents no longer carry mystericus properties such ms strangeness, isospin,

charm etc. The only charge is the electric charge.

Relation to querk asgignments
The relation of our cometituents to quark constituents is very simple.

For mesons: £I + qJ ,and for baryons: if we think of p as (und) then our
assigments ©Dbecome the same as the qlqeqa essignment with additional definite
{qd) terms of the seme species (mo-celled 4¢3 see terms). Such terms are
introduced into the quark model anywey.

_9..

1f we cantinue this correspondence or shift between quarks and leptons,

then the next "exeited" neutrino with the quentum rumbers of v, would
corresponé precisely to the so-called "charmed" quark and the next leptons
T and v, to the other two new quarks, b® and t. Tt is not known at

present if v or vT are massless or sbsolutely stsble. According to the
[

experimental limit so far, vu is heavier than the electron!

It is important to remark that from deep inelastic electron-nucleon
scattering experiments one can infer two solutions for the charges of con-

stituents (assumed to bhe point-like st high energies) 16)

. One solution
gives for proton constituents the charges +1, +1, -1 and for neutron con-
stituents +1, -1, O. This is in agreement in cur model with the physical
proton being pe+e' and neutron being pe~y. The second selution glves the
fractional quark charges. The additivity assumption of the magnetic moments
and equal additive quark masses then seleets quark assignments. However,
in a dynamical physiczl bound state model,magnetic moments alse have orbital

centributions and constituent masses are unegual.

v. STRCONG AND WEAK INTERACTIONS

All strong interactions including nuclear forcee are,
accerding to the present theory, of magnetic type and are further determined
by the composite strueture of the hedrons. Specifically there are two
fundamental processes at short distances when hadrons ccllide: 1) Re-
arrangement of constituent stable particles, ii} pair production (or
annihilatien) of leptons (and subsequent resrrengement). It is possible to
give diagrams for every strong process using i) and ii). The ideas of the
old meson theory, the many models of meson exchanges or Regge-pole exchanges
emerge as approximate achemes from this theory, as well as the ideas of
the S-matrix theory and nuclear demccracy: different rearragements of
constituents with real or virtual lepton pairs obviously imply that hedrons
can be thought to be built of other hadrons. In particular, the meson cloud
around the nucleon is an immediate spproximetion here, but not in the gquark

model.

We propose here a new model of the nucleus, which seems to combine
two apparently contradictory Testurez of the nucleus. On the one hand, the
nucleus consists of closely packed large nucleons with an occupancy between 60

and 90%,or m&y even have & crystalline structure. On the other hand, the

nuclecns seem to be moving freely inside the nucleus, as the shell model or
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other Fermi gas models sbe implying. These two features are reconciled in
the present theory ag. “:llows. The stable protons form the closed packing
or even the crystalline skeleton of the nucleus. On top ef it the

stable lepton pairs{e™9} acting like & boson are hopping from one proton to
another. When an(e”5) is attached to a proton, it then becomes a neutron.
Thus moving (e v)'s will appear exactly as moving neutrons, or moving pretons
in the opposite direction. We can then study the motion of{e §) pairs in the

periodic potential of the lattlce of protons.

Tﬁé weak interactions of the B-decay type are due to barrier
penetration, e.g. n(pe~g)decay or {evwl) decay. In fact, a theory of the
neutron with an eguaticn of tjpe. (1)={2) correlates (in this approximation)
the lifetime of the neutron, the n-ﬁ mass difference (which is positive and
can be estimated as the excess magnetic energy of (e™T)bound to the proton)
and the megnetic moment of the neutren Hence, indirectly, the Fermi
constant G is related to the fine-structure constant o . All other decay
modes of hadrons can be understood as s Wmurrier penetration between two wells
of the potentisl (see Fig.l), u decay inside the hadron {suppressed by the
Cabibbo angle as compared with the free u decay) snd barrier penetration with
or without u decey. Different decay channels result in different re-
arrangements of the constituents. Finelly, a weak scattering process such
as ev *+ ev should be related to the anomalous magnetic moment of the

neutrino. This remains to be seen when we shall have more experimental -data

on the angular and energy dependence of this process.

VI. SOME FURTHER APPLICATIONS: KO PHYSICS AND CP VIOLATION

As an exsmple of the intuitive value of the model we consider its
0
application to the remarkeble physics of the K mesons.

According to Fig.3, KO

respectively, i.e. the magnetic anslogues of mucnium end entimuonium. {Such

— -+ + -
and K° mesons are (e p ) and (e n ),

states have also been called superpositronium {ete™) or supermucnium e )
They are obviously charge con]ugates of each other. If one of the states
is produced, say e-u+, and we view u+ as (e+vﬁ), then (vS) palr can
oscillate between e  and e+ in & magnetic potential as shown in Fig.6.
when (vwo) is attached to et we nave a .EO, when it ig attached to e we
have a Ko. Under these circumstances, we know from general guantum
mechanics that the observed eigenstates of the energy are the symmetric and
sntisymmetric combinations with respect to the (Vi) exchange, nemely
Ks = KO t'ﬁp, which ere also eigenstates of CP. In fact the problem is
-

-11-
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exgctly the same quentum-mechenically as in the ammonium (NH3) laser N
where N oscillates between two positions in & potential as in Fig.6. We
therefore have the unambiguous prediction that the antisymmetric state is
heavier than the symmetric one. In our case m(KL) > m(KS)- This 1s, to

my knowledge, the first theory of the sign of the KL—KS mass difference.

Mcreover, the Dennison-Uhlenbeck mass formuls 18)
A
—E = -ig , Where A 1is the Dparrier penetration factor in the potentiasl

glves for the mass difference

A
{Fig.6). We do not know A, but we can obtain it from the decay rate FS of
Ko into 77 + 1t (e + e+v),which uses the same potential barrier. This
1
gives Am = 5 FS. Experimentally we have for the KL-KS mass difference

Am = 0.477 r, .

The two decay modes of KS are glven by two ways of rearranging the

constituents. KL cannot decsy in this way because of CP invarience. But an

additionsl lepton peir preoduction gives all the decsy channels of X The

L
rate is down by ma due to this pair production, which agrees with experiment.

Finally we discuss a pechanism of CP vigletion which ocecurs only in

0 s : s
the K- mesons. CP violation in our picture means s small viclation of the
symmetric and antisymmetric combination. There is, in fact, e feature in the
model,which brings an ssymmetry. In the asbove discussion we have not made a

distinction between ve and v . If we do make a distinction, then we have

+ . : =0 — + : 0
(e DA ) combinstion for K- and (e Y V.8 } combination for K . Hence
an extra interaction must convert Uevu into =+ Gﬁve y which provides a further
5 leading to KL and KS . We can further
predict that CP viclation should also cccur in the neutral mesons built from

esymmetry between K1 and K

-+ + = -+ + -
(et and et ) and (p 1 and pt }.

VIIL. CONCLUSIONS

High-energy physies according to the present theory can be considered
as an extension of atomic and molecular physics. The Coulomb forces being
replaced by the short-ranged strong magnetic forces. The only additional
particle not present in atomic physics 18 the neutrine,which is in fact a
limiting case of the electron. There is then a welcome continuity and
simplicity in the physiecs,which was perhaps lost by the ebstrect concepts
and free inventiveness of perticle physics. No nev particles, or no new

interactions or forces are Introduced 19)

except the stable ones and the
electromagnetic field. In this sense it is a truly already-unified theory
with one coupling constant e . The only parameter so far, in principle,

alZ=

© e s



is the neutrino megnetic moment. All other "particles” are transitory; they
come as resopances and eventually decay into the absolutely steble partiecles.
The division of forces in nature into strong,weak and elementary was g temporary

cne; there is no need for such a division.

Although much detailed quantitetive work must be done, and Iz being
done, we have shown that, conceptually and logically, it is possible tc under-
stand the world of fundamental particles and thelr interacticns from the very
simple framework of stable particles and stable electromagnetic " forces.

Cuwr guiding principle has been the sgame as that of Lord Kelvin wunder
aimilar circumstences: "I want to understand light as well as I can, without
introducing things that we can understend even less of".

ACENCWLEDGMENTS

The author would like to thank Professor Abdus Salam, the Internationsl
Atomic Energy Agency and UNESCO for hospitality at the International Centre
for Theoretlical Physics, Trieste.

-13-

1)

2}

3}

4)

10)

11)
12)
13)

1)

15)

16)

17}

18)

1g)

REFERENCES AND FOOTNOTES

Nature editorisl, 273, 479 {1978)

V.F. Weisskopf, Physikalische Blitter 35, 3-12 (1979), cf. Sec.5,
Unsolved problems;

M. Gell-Mann,.Summary telk, Jerusalem Einstein Centennial Symposium,
March 1979.

See the historical account, L.M. Brown, "The idea of neutrino™, Phys.
Today, 31, 23 (September 1978),

A.O. Barut, in Structure of Matter, Proc. Rutherford Centennial
Conference, 1971, Ed. B.G. Wybourne (Univ. of Canterbury Press, 1972),
p.69.

A.0. Barut and J. Kraus, Phys. Letters 59B, 175 (1975); J. Math. Phys.
17, 506 (1976).

A.0. Barut and J. Kraus, Phys. Rev, D16, 161 (197T).
A.0. Barut and R. Reczka,Acta Phys. Polon., to sppear, July 1979.
A.0. Barut and G. Strobel, to be published.

C. Piron and F. Reuse, Helv. Fhys. Acte 51, 146 (1978);
F. Reuse, Helv. Phys. Acta 51, 157 (1978).

A.0. Barut, "Magnetie rescnances between massive and massless spin—%
particles ™, IdMp Trieste, preprint IC/T9/S1.

R.W. Gurney, Nature 123, 565 (1929).

A.O. Barut, Phys. Letters J3B, 310 (1978); Phys.Rev.Letters 42, 1251 (1979).
A.Q., Barut and J.P. Crawford, Phys. Letters Qgg, 233 (1979).

§.L. Glashow, Comments Nucl. Part. Pnys. 8, 105 (1978).

A.0. Berut, "Leptons ms 'quarks'”, University of Gereve preprint

UGVA~DPT 19T78/08-175,and in Proceedings of the Texsas Conference on

Group Theory and Mathematical FPhysics, September 1978, Eds. A. BShm
and E. Takasugl (Springer Lecture Notes in Physics, 1979).

L. Berkelman,in Orbis Beientlae Proceedings, Coral Gables {137%).

C.H.Townes and A.L. Schawlov, in Microwave Spectroscopy (MeGras Hill,
1955), p.300.

D.M. Dennison and G.E. Unlenbeck, Phys. Rev. 4l, 313 (1932).

"Yhen one thinks back to these days, one finds that it is really
remarksblie how unwilling pecple were to postulate & new particle. This
applies both to theoretical and experimental workers. It seems
that they would look for any explanation rather than postulate a new

i .




particle. It needed the moat obviocus and unassaileble evidence to

be presented before them hefore they were reluctantly forced to postulate
a new theory. The climete has completely changed since these early

deys. New particles are now being postulated and proposed continually,
in large numbers. There are e hundred or more in current use today.
People are only too keen to publish evidence for a new particle, whether
this evidence comes from experiment or from ill-eateblished theoretical
1deas.” (P.A.M. Dirac,in The Development of Quantum Theory (Gordon end
Breech, 1971}, p.60.)

-15-

o o e

C o e

=16-

T —— X (L

LRl

Schematic form of the effective radial magnetic potential V

3

for two different

fixed values of energy and angular momentum.

as a function of the radial distance r

o,



of

Flg.2

-
E

The effect of =z repulsive barrier on the cross-section ¢
around the regcnance energy Er .

“17=

o ut

i et
a =l_1’: (Fv-¢*e)), le: (Prsete-2pu'u)
2 (]

Fig.3 The mason octet,

RLU U V) Pl e 7)

p(e’u)

ple ¥) ]

Azp(u'¥p) Bz=plu vvy)

Fig.4 The baryon octet.

=18~




PP k8T

P

.

ple e ple?) p pis'y)

Fig.5 The baryon decouplet. The nearly linear mass formula of about
the p mass is & consegquence of nearly zerc-energy bound states
in the mggnetic potential well.

N

Fig.6 The effective magnetic potentisl barrier for v and v exchange

- +
end oscillations hetween e and e in the Ko—ﬁo system.

._19—
e T AT T



