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Abstract

In the preceding three papers of this series ,we have presented a nonunitary, in-
variant, axiom preserving, Lie-isotopic broadening of the scattering theory, called
1soscattering theory, for the representation within the context of hadronic mechanics
of reversible particle events. In this paper we show, apparently for the first time, that
the nonunitary character of the new scattering theory allows the representation of the
synthesis and subsequent spontaneous decay of: the synthesis of the neutron from a
proton and an electron, e.g., as occurring in stars, e~ +p — n+v — p+e~ +v+; the
7° meson from an electron-positron pair, e +e~ — 7° — e +¢e7; and similar events
known as synthesis of hadrons. These events are beyond the representational capabil-
ity of the conventional scattering theory because, as shown in preceding studies, they
require a positive binding energy (since the rest energy of the synthesized particle is
bigger than the sum of the rest energies of the original constituents) under which the
Schroedinger equation and other unitary formalisms of quantum mechanics provides
no physically meaningful solutions. By contrast, hadronic mechanics has allowed an
exact, numerical and invariant representation of all characteristics of said hadron
syntheses precisely in view of its nonunitary character. Consequently, in this paper
we show that the isoscattering theory does allow, for the first time, a representation
of the indicated hadron syntheses as nonconservative events requiring missing energy
provided by the environment. The proposed isoscattering theory then emerges as the
only known invarioant representation of these nonconservative scattering events.
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1. Introduction
In the preceding paper [1] of this series, we have presented the nonunitary, axiom-
preserving, Lie-isotopic generalization of the conventional scattering theory under
the name of isoscattering theory, for the treatment within the context of relativistic
hadronic mechanics (HM) of reversible particle events. In particular, the new scatter-
ing theory was constructed via the isotopies of the conventional Feynman graphs/rules
of quantum electrodynamics (QED) [2] within the context of conventional relativis-
tic quantum mechanics (QM) for the specific purpose of studying non-Lagrangian,
non-Hamiltonian, thus nonunitary effects expected in particle events since quite some
time.

In this paper we formulate, apparently for the first time, the isoscattering theory
for reversible events given by the synthesis and subsequent spontaneous decay of the
neutron from a proton and an electron,

e +p—ont+v—pte +v+rv (1.1)

the synthesis and subsequent spontaneous decay of the 7° meson from an electron-
positron pair,
et+e =’ = et +e” (1.2)

and similar events occurring in the core of stars or in particle accelerators, generically
referred to as synthesis of hadrons, much along the synthesis of the deuterium and
otehr nuclei.

The conventional scattering theory is inapplicable for the above events (and cer-
tainly not ”violated” because not developed for the events considered) for the fol-
lowing reasons. Recall that all consistent bound states of quantum mechanics at the
particle, nuclear and molecular levels are characterized by a negative binding energy
resulting in the well known mass defect, according to which the rest energy of the
bound state is smaller than the sum of the rest energies of all constituents.

By contrast, the rest energy of synthesized hadrons is bigger than the sum of the
rest energies of all original particles. It was shown in 1978 by Santilli [3] that the
Schrodinger equation, as well as the unitary formalism at large pf quantum mechanics,
provide no physically meaningful solutions for the syntheses here considered, because
they would require a ”positive binding energy” which is sheer anathema for quantum
mechanics. Therefore, Santilli [3] proved that a nonunitary image of the Schrodinger
equation provides a numerically exact representation of all characteristics of the 7°
particle in its synthesis from an electron-positron pair. Following further develop-
ments of hadronic mechanics, Santilli achieved in 1990 [4a] a nonrelatiistic, exact
and invariant representation of all characteristics of the neutron in its synthesis from
a proton and an electron, and subsequently provided the relativistic formulation in
papers [4b,4c| 9see also Refs. [4d,4e] for related works).
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Therefore, Santilli has established in Refs. [3.4] the need for a nonunitary gen-
eralization of the conventional scattering theory predicted since some time, but first
formulated in an invariant form in Ref. [1], for a quantitative representation of syn-
theses (1.1) and (1.2), as well as for the synthesis of hadrons at large verifying the
general rule that the rest energy of the synthesized hadrons is bigger than the sum of
the rest energies of the original particles.

On conceptual grounds, these events are nonconservative due to missing energy
for the syntheses themselves which is provided by the environment (for non-experts
in the field, we recall that the missing energy cannot be provided by the relative
kinetic energy of the original particles or by the hypothetical neutrino for various
inconsistencies, see Ref. [4d,e]). The nonconservative character of the events implies
their non-Lagrangian and non-Hamiltonian character, in the sense that said events
cannot any longer be entirely described via the sole knowledge of a Lagrangian or a
Hamiltonian as it is typically the case for the conventional scattering theory, because
the nonconservation originates from interactions violating the integrability conditions
for the existence of a potential (the conditions of vbariational self-adjointness [4e]).
In turn, these features establish beyond scientific doubt the need for a nonunitary
covering of the scattering theory since the insufficiency of the Hamiltonian implies
the need for an additional operator that breaks the unitary character of the theory.

On more technical grounds, the nonconservative character of the events implies
the inapplicability of Lie’s theory with the familiar time evolution of a (Hermitean)
operator A

A
Zcfi_t =[A H) = AH — HA, (1.3)
in favor of Santilli’s Lie-isotopic time evolution 9first presented in Ref. [2] of 1978)
A
icil—t — [A:H] = ATH — HTA (1.4)

where T is a second operator (generally independent from, and non-commuting with
H) characterizing the nonunitarity of the theory. In fact, the Santilli time evolution
can be solely achieved from the Lie form via a nonunitary transform

UUt=1=1/T #1, (1.5)

for which o o o
UlA, HU' = [AJH] = ATH — HT A, (1.6a)
A=UAU', H=UHU', (1.6b

by clarifying that, in the generally adopted notation, the ”hats” in the top of operators
are often omitted for simplicity as in Eq. (1.4). The isoscattering theory then emerges
as the only known theory which is:



1) Universal, in the sense of admitting all possible syntheses of hadrons (under
obvious smoothness and regularity conditions);

2) Invariant, in the sense of predicting the same numerical values under the same
conditions at different times, despite its nonunitary structure (thanks to the the novel
isomathematics bypasing the inconsistency theorems as reviewed in paper I); and

3) Covering, in the sense of admitting the conventional scattering theory as a
trivial particular case when the nonunitary effects are null, i.e., T = I;
all above features being necessary for a viable generalized scattering theory, e.g., be-
cause the conventional Coulomb scattering of extended particles without collision is
definitely unitary in structure. Hence, any generalized scattering theory not admitting
the conventional Coulomb scattering as a particular case is disproved by experimental
evidence. The isoscattering theory admits indeed said conventional Coulomb scatter-
ing, trivially, because unitarity is a mere particular case of the broader nonunitarity.

In closing these introductory lines, we would like to recall Barut’s [5] model of the
synthesis of the neutron, Eq. (1.1),

n=(pe ,V)om (1.7)

within conventional Feynman Lagrangian path-integrals based on the transition from
the conventional O(3,1) to the O(4,2) dynamical group. According to this model,
the three quarks used in the standard model for the representation of the structure of
a family of baryons including the neutron are identified with the proton, the electron
and the anti-neutrino.

By contrast, Santilli [4] structure model of the neutron within the context of
hadronic mechanics is characterized by the proton and the electron in a mutated
form p, é resulting under the necessary nonunitary lifting of the Lorentz symmetry

~

O(3.1)
n=(p,é um (1.8)

under the acceptance of, and compatibility with the SU(3)-color Mendeleev-type
classification of hadrons into families.

In connection, Barut [5] achieved the synthesis of the neutron within the con-
text of a wunitary theory. However, this required the abandonment of the Lorentz
symmetry O(3.1) in favor of the broader conformal symmetry O(4.2). In turn, the
latter transition implied the addition of physically unidentified coordinates outside our
spacetime, as well as the assumption (generally rejected by the scientific community
for various technical reasons) that the anti-neutrino is an actual physical constituent
of the neutron.

By comparison, Santilli [4] structure model of the neutron remains within our
spacetime in (3+ 1)-dimensions and solely assumes mutated forms of the proton p and
the electron, é (due to their total mutual penetration), as the physical constituents
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of the neutron, but requires a necessary nonunitary lifting of the entire formulation
of quantum mechanics, thus including the dynamical equation, the Lorentz symme-
try and the scattering theory. However, the basic mechanism of the new theory, the
isotopies, preserve the original axioms to such an extent that the new theory can
be formulated with the same symbols of the old, only subjected to a broader real-
ization. As an example, the Lorentz O(3.1) and the Lorentz-Santilli isotopic 0(3.1)
symmetries are not only isomorphic but they are indistinguishable at the abstract,
realization-free level.

We should also mention for further needs Santilli [4d] hypothesis of the etherino
with energy given by the value missing for the neiutron synthesis (1.1),

Mmeo > My, — (M, +me) = 0.78MeV = 1.53m,, (1.9)

which has bveen specifically and clearly suggested by Santilli not as an additional hypo-
thetical particle within the current “zoo” of unknown particles, but merely as a vehicle
representing within conventional unitary theories the transfer from the environment
to the neutron of the missing energy, spiny and other quantities. Consequently, in
lieu pof Eq. (1.1), Santilli considers the alternative formulation

e t+a+p—n—e +a+p, (1.10)

where the antineutrino 7 (neutrino v) is replaced by the etherino a (anti-etherino a).
In considering the etherino hypothesis, the following aspects should be kept in
mind:
a) The assumption of Santilli’s etherino as a physical constituent of the neutron
in lieu of Barut’s anti-neutrino leads to a number of catastrophic inconsistencies, and
we shall write

n# (p,e”,a)oum, (1.11)

including the impossibility of a perennial confinement of the etherino inside the neu-
tron, with its consequential necessary emission as a free particle in the spontaneous
decay jointly with the proton and the electron. The clear lack of existence of the
etherino as a free particle in our spacetime completely disproves model (1.11).

b) The etherino has been introduced for a quantum mechanical representation of
the synthesis of the neutron. As such, the etherino no longer appears in the covering
representation of the neutron synthesis via hadronic mechanics. Alternatively we can
say that the nonunitary broadening of quantum mechanics, beginning with Santilli
iso-Hilbert spaces over isofields, is a direct representation of the transfer of energy
and other quantities from the environment to the neutron that, as such, require no
actual particle for their realization.

¢) Santilli’s etherino replaces the Pauli-Fermi historical hypothesis of the neutrino
without necessarily dismissing the so-called "neutrino experiments.” In fact, the syn-
thesis of the neutron not only requires energy, but also spin 1/2 as first identified by
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Pauli and Fermi. Since the environment of the synthesis provides the missing quan-
tities, the hypothesis of the neutrino as a physical particle in our spacetime becomes
no longer necessary. Also, to account for the actual synthesis of the neutron, the
Pauli-Fermi hypothesis should have been formulated with a neutrino, rather than an
anti-neutrino in the left,

p+v+e —n, (1.12)

since recent studies [4d,4e] have established that the formulation via an anti-neutrino
in the left comp[atible with reaction (1.1),

p+v+e —n (1.13)

increases, rather than eliminate the value of the missing energy.

Additionally, the etherino hypothesis does not dismiss experimental data on "neu-
trino experiments” because the transfer of energy, spin and other quantities from the
environment to the neutron is predicted as being a longitudinal impulse in our space-
time, thus distinct from the notoriously transverse photon and, as such, can can
account for the measured data. Note finally, the rejection by an increasing number
of physics of the notion of several different massive neutrinos since they imply that
massive particles in our spacetime propagate through immense hyperdense hadronic
media, such as entire planets or stars, without appreciable collisions. By comparison,
being a longitudinal ”impulse” (rather than a physical particle) through spacetime,
Santilli etherino can indeed travel through vast hyperdense media without exces-
sively hyperbolic assumptions because it propagates in the spacetime underlying the
medium, rather than through the medium itself.

In this paper, particles and operators described via QM are represented with
conventional symboils, e.g., p,e, S, etc., while particles and operators described via
HM are represented witrh the same symbols complemented with a hat, p, hate, S ,
etc. To make this paper minimally self-Osufficient and readily understandable to non-
experts in HM, we shall review in Sec. 2.1 the main characteristics of the generalized
scattering theory developed from Ref.[1] based on the lifting O(3,1) — O(3,1) and
summarize the Feynman graphs/rules in QED of spin—%particles for computation
of the S-matrix. We shall then present in Sec. 2.2 an explicit characterization of
the scattering region in terms of the lifting O(4,2) — O(4,2) for describing the
isoscattering process (1.1) and realization of the structure models: n = (p,e™, 7)gum ~
(pye™,a%)on — (P, €7 )mar-In Sec. 3, we shall apply the Feynman graphs/rules to the
computation of the scattering cross section for the processes (1.1) and (1.2). In Sec.
4 we shall discuss the experimental implications and in Sec. 5 draw our conclusions.

2. Review/Characterization of the Isoscattering Fornalism
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Figure 1: A schematic view of the evolution of the scattering theory, from early for-
mulations (a), to the more advanced Feynman’s formulations in which the scattering
is mediated by a particle (b), to the isoscattering formulation where, in addition to
mediation by particles, we have internal nonunitary effects due to total m,mutual pen-
etration of the hyperdense charge distributions of and/or wavepackets of the scattering
particles (c).

2.1. Review

As is well-known [2], the usual Feynman propagator in conventional QED of spin—%
particles can be characterized as follows in the O(3,1) carrier space of a relativistic
quantum mechanics:

p ' A A d4p e—ipx
Sp(m) = (")/ Py + Zm) F(%’), F(J?) = (271')4])2 —nZ 4 e (21&)
with corresponding expression in momentum 4-vector space:
. Pp, +1m
Se(p) = (7"py + im) Ap(p), Ap(p) = ——* (2.16)

p? —m?2 + e

In terms of the ”isounit” (I)and isotopic element (T' = I~")defined below and rep-
resented as I, and Ty the generalized Feynman (which may be called iso-Feynman)
propagator in the 0(3, 1) carrier space of hadronic mechanics is given by the corre-
sponding expressions as follows

~

Sp(®) = (Hl x 4" X P, +i x ) x Ty x Ap(2),



R d4 e—iprSt XT

Brta) = [ gt (2.20)
(2m)*p2 —m2 40 x €

with corresponding expression in iso-momentum 4-vector space

Sp(p) = (Al x 4" x P +1i x 1) x Ty x Ap(p),

A A X AR X P 40 % 1) x Ty
Ap(p = Dot XL XDt L) X T (2.20)
PP —m2+1 X €

3

In the presence of an external electromagnetic field, the solution of the (regular)
Dirac-Santilli isoequation takes the form

U = (7)) + é%/d%'xsf(@ — o) XA A2 x (7

+é2x / dz / d'a” %S5 (& — 2 ) XA A2 )X Sy — 27 )XY A ) ) (27) + ... (2.3)

This leads to a formal definition of the iso-Feynman propagator either as a series

~

~ A ~

S'e(2,x') = Sp(& — a') + é%/d%f” XSH(& — 2" ) XAA@ )X S(x — 27) + ... (2.4a)
or as an integral equation
S'p(#,2") = Sy(d — a') + éX / d*a” xSp(& — 2" ) XA A7) xS (z'.2”)  (2.4D)

where 42A(2') = 7 x 4, x A,(z') and A,(z') is the iso-electromagnetic four-vector
potential given by the corresponding iso-gauge principle[7] to which we shall return
in Sec. 4

Note that, in the limit of unitary transformation, we recover exactly the conven-
tional expressions. For this reason, the primary interest of isoscattering theory lies in
the formal relationship/differentiation of the two isoscattering profiles (1.1) and (1.2)
for interpreting the existing and future scattering experimental data. To do this, we
note that the isotopies of the Dirac matrices (7,,) have been explicitly defined in ref.[1]
as follows:

%:bkx<_% %k),%:ixbkx(lzow 0 ) (2.5a)

_IQXQ
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where b2 = n; *(k = 1,2,3), (b? x b3 x b2) = 1 for an ellipsoidal scattering region. And
whereas, without spin mutation, the generalized spin matrices are

~ 0 n1 X Na ~ 0 —1 X Ny X Ny
0= o= .
! ny X Noy 0 02 71X Ny X ng 0 ’

2 —2
A 77,1 O - _ nl 0
e (7 8o (0, s

they are, with spin mutation,

. (0 n? . 0 —ixXn3 . [ wxni 0
al_(n% 0 )’02_(7§><n§ 0 73 = 0 w X ni (2:5¢)

Consequently, the isotopies provide five additional quantities [the four ( by, k = 1,...4)
for spacetime mutation and one (w ) for the spin| for the representation of experi-
mentally measureable features of the scattering region, such as shape, deformation,
scaling, density, anisotropy, etc .

As our interest is to elaborate the basic physical concepts in terms of Feynman
diagrams for electron scattering with an electromagnetic field, as well as remove
divergences from the theory, we show in Table 1 the two characteristic differences in
1st and 2nd quantization schemes.

The generalized S- matrix is given in 1st quantization scheme by

~

Sy limu s / Bix 3w (2.6)

where \11; is the exact solution given as in Eq.(2.3) by

~

~ ~

Us(2) = ¥5(2) + éx / d'a'xSp(& — ') x4 A(z') x W5(a’) (2.7a)

with the normalization

~

/ i (1) %02 (3) = 8,5 %83 — ) (2.70)

Note that the correspondence principle in 1st quantization scheme involves a lift-
ing of the Coulomb vertex in QED into the approximate Yukawa vertex in hadronic
mechanics, and additionally involves the lifting from Bose-Einstein to Fermi-Dirac
statistics in 2nd quantization scheme, i.e., mutation of spin under sufficiently high
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Figure 2: (Table 1): Expected Modification of QED in HM
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energies. The correspondence between Feynman graphs/rules and their isotopic im-
ages for computation of contributions to the S-matrix in QED of spin—% particles are
summarized in table 2 which we intend to apply to the two scattering profiles (1.1)
and (1.2) in Sec. 3.

~

2.2. O(4,2) Dynamical Symmetry of the Scattering Region.

We now turn to further specification of the structure of the scattering region intro-
duced in Fig. 1. While the isotopies of Dirac matrices characterize the lifting of the
Lorentz group O(3,1) — O(3,1) , in terms of five additional quantities, namely the
four by(k = 1,...,4) for spacetime mutation and one (w ) for the spin, for analyzing
experimentally measureable features of the scattering region, such as its shape, de-
formation, anisotropy, etc, the most important distinctive features of the scattering
region for the three profiles of e~ — p scattering shown in Fig. 3, are intriguingly re-
alized by characterizing the scattering region in terms of isotopic lifting of the larger
dynamical group,0(4,2) — 0(4, 2) where, as is well-known, O(4, 2) contains 093, 1)
as a subgroup. We shall discuss this feature before taking up the computation of the
conventional and generalized S-matrices in Sec.3.

Since correlated pairs of spin—% particles,e™, v and e”,a” , can be subsumed and
long-range 1/r-potential between pairs of particles (p, e~ ) eliminated simultaneously
in the representation of the conventional O(4,2) dynamical symmetry group, in terms
of the most general parity-conserving current in the O(4,2) algebra of Dirac matrices[6]
which includes certain ”convective” currents proportional to the total momentum of
the particle-antiparticle system, it is appropriate to characterize the scattering region
of Fig. 1 by the lifting

0

A

Jo =9y = 0 x T x (A —i x kg x 9,) x T'x p = J, (2.8)

A

The generalized wave equation that conserves J, is given by the generalized La-
grangian density

. 1- . > P o
L:_Ew(j) X T X (=i x A" x Oy + k1) X T x (2)—
J(;ﬁ) x T X Ko X Fhd x T x () (2.9)

as (cf Eq.(3.2) of Barut, Cordero and Ghirardi[6])
(1 x AH ><5M+/<:0><5“5u—n1) x T x () =0 (2.10)
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{c)

Figure 4: Feynman diagrams for (a) conventional e~ —p long-range Coulomb interac-
tion via "virtual” photon exchange; (b) point-electron contact/penetration into an ex-
tended proton wave packet,e” +p — n-+v which implies n ~ (pe”V)on — (pe~a®)gur;
and (¢) mutual overlap of extended electron and extended proton wave packets,
e~ +p — n+v+v which implies n = (6=, D) ga involving mutation of spin and in the
similar scattering process e™ + e~ — w0 — e + e~ which implies 7° = (67, ") g
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where kg, k1 are constants. It is of interest to note that the last term in Eq.(2.9) (due
to convective currents) gives rise to the Pauli magnetic transitions, inasmuch as for
any Dirac spinor 1, it is easy to establish from the relation

(") (") = (D")y"" (8" ))
a connection with the intrinsic Pauli-moment coupling which is related to inclusion
of a non-potential term,—i0* (10, 0")1 in the free Dirac Lagrangian density[7]. Thus

even the (T — 1) limit of O(4,2) corresponding to the conventional O(4,2) provides

a simple non-trivial profile of neutron production in (e, p ) scattering as summarized
in Table 3.

Tatvle 3: 0(3.2) profile of « - p Wave Fquations | Symimelzy
scattering & ncutron production. i * i
we(peviige | P [0, mby, -0 | o1
¢ FpRtV= | (Bamt's (7.,) | Lyt —m'd, 0 W, =0 - 02
o model[6]) . —
e —pra’ =sav | n=(pea’ly, T I - B
e I piT= | (Sandllig (e.a) [ dm m)'2,0¢Np=0| DE2)
“ethering”
madel |4 i B

Figure 5: (Table 3) O(4,2) Profile of e-p scattering and neutron production

According to this table, if in the scattering process, e~ +p — n+ v , the proton is
treated as pointlike particle described by the conventional Dirac equation with O(3,1)
symmetry, then the electron with an associated massless neutrino may be described
by the simplest (scale-invariant[8]) equation with O(4,2) dynamical symmetry,

7,0, —m_ *0,0"). =0 2.11
n= e i

whose mass equation has two roots,m = 0, m., and therefore leads to Barut’s model[6]
of neutron production, n ~ (pe~7)gn (which is not compatible with negative binding
energy). Alternatively, if one adopts Santilli’s ”etherino hypothesis”[4] (for compat-
ibility with neutron decay and negative binding energy for n = (pe~a®)gn ), the

15



electron with an associated massive ”etherino” may be described by the more general
equation

[i7,0" — 3m, — (2m.)"'0,0"¢ = 0, (2.12)
whose mass equation and its two non-zero roots are respectively given by:
m? + 2mem — 6m? = 0, (2.13)
mae = me(—1 £ V7),i.e., -+ = 1,65; I _ 56 (2.14)
e me

Consequently, since 0.78 MeV = 1.53m, , it follows by setting my, = m, = 1.65m,
that one may validly characterize a quantum mechanical bound state of n = (p, e, a°
system with negative binding energy: m,, —(m,+me+mgo0) = —0.18m, . Intriguingly,
the numerical coefficients in the wave equations (2.11) and (2.12) are uniquely related
in terms of Gell-Mann SU(3) A - generators,

5 100 1 1 0 0 10 0
Mo=q/51 010 [ As=y/5{ 01 0 At=v3l 01 0 ,
0 01 0 0 =2 0 0 —%
2.15)
and a triplet field
(o
V= we )
wao
as the components of the wave equation
_ 3 1 1
(170" — mey ] =(A0) — V2)Ag) + (——=) A 10,0")¥ = 0 (2.16a)
2 mev'3
where
1 000
me\/;()‘o_\/ﬁ)@):(g’me) 000 )
0 01
1 1 10 0
(—=)'=(=—)| 0 1 0 (2.16b)
Tne\/§ ® 3m6 0O 0 _1

2
As the three equations in this system are uncoupled except insofar as there is only
one characteristic mass,me) , for the whole triplet, Eq.(2.16a) implies that in the
absence of convective currents, the apparent chiral SU(3)xSU(3) symmetry of the
leptonic triplet (U ) is broken in the manner prescribed by Gell-Mann, Oakes and
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Renner[9]. We shall return to the experimental verification of the predicted object
described by the second mass ratio, ' -l — 3.6 in Sec.4.

Of primary interest in the O(4, ) characterization of the hadronic mechanics
scattering region is the case of contact/overlap of two extended wavepackets shown in
Fig. 3¢, which is also applicable to e~ —e™ scattering. This leads to a visual (Feynman
graph) representation of Rutherford-Santilli neutron production in e~ — p scattering
and neutral pion production in e~ — et scattering as follows. The selection of the
isotopic element 7' = I_; appearing in the definition of the generalized 4 function[10]
for this scattering profile is given in ref.[1] as

2, 0 0 0 n2, 0 0 0
.l 0 m3, 0 0 0 n2 0 0
=10 0o w2 o [ 0 0 n o [F
0 0 0 nd 0 0 0 nZ
cxplN x (9/0) x [ & x0i(0) x i (r) 217

where n?,,a = 1,2,k = 1,2,3 are the semiaxes of the ellipsoids representing the
two particles,n?,,a = 1, 2represent their densities, 1) represents the isowavefunction,
represents the conventional wavefunction (corresponding to I = 1), and N is a pos-
itive constant. A two-dimensional (2D) elaboration of Feynman graph showing the
ellipsoidal deformations of e~ and e™ wave-packets in the neutral pion production
process, e~ + et — 7 — e~ 4 €T, is shown in Fig. 4a.

Such a wave-and-particle picture is obtained by representing each particle or an-
tiparticle as a "point” on the (red) circum-ellipse of a triangle (ABC) defined by
a pair of imaginary generating lines (AB and AC) [br = +is | of a "point-ellipse”
[0?r% + s = (ct)? = 0] in projective 2-dimensional (r, s, t)-space and the ”line at infin-
ity” (BC)(t = 0) and locating the 7° at the centre of the inscribed ellipse of the pair
of triangles forming a hexagram so as to satisfy Brianchon’s and Pascal’s theorems
(p. 64 of ref.[12]) as shown in Fig 4a. For ct # 0, we infer by rewriting the equation
of the ellipse in the form,(ct)? — (s —ibr)(s+ibr) = 0, that the pair of imaginary lines
defines by the linear homogeneous equations

<—(Sitib7") _(S;tibr) ) (Z; ): : (2.18)

are associated with the ellipse ABC (call it S) in Fig.4a. Moreover, by the geometric
principle of duality, the lines AB, AC and BC envelope a conic (call it S) , the dual
of S with respect to the triangle ABC) whose equation has the general form ( p.62 of
ref.[13])

as® +2fsr + b’r* =0 = ct (2.19a)
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-,
- e ——— Ellipses

Figure 6: Elaboration of Feynman graph for overlapping e'—) and e+) ellipsoidal
wave-packets in the scattering region for the process e~ +e™ — w° — e~ +eT and the
enveloping ellipsoid (i.e. ellipse in 2-dimensional space).
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and is a hyperbola, a parabola, or an ellipse according as f2—ab? is greater than, equal
to, or less than zero. The concept of ”isotopic” lifting arises naturally in this way, with
the radii of the circular conics (S and S ) providing two fundamental lengths, and
the consequential "mutation” of Pauli spin comes about in the case where (for ¢t # 0
) space-time dualism leads to the rectangular hyperbola,(s + br)(—s+ br) — (ct)?> = 0
, whose pair of asymptotic lines are defined by the linear homogeneous equations:

( s+br  —ct ) ( wy ) = 0,0r[(s + foct) (03) + bro] =0, (2.10b)

—ct  —s+br Wo

032((1) _01 )—>5~003=(_01 _01 );

is non-unitary! An example of the nesting of two ellipses in the scattering region may
be constructed by generalizing Eq.(2.19b) to the 4x4 matrix form:

where

implies that

[(br + ctﬁ)ngl, + 50w, =0 (2.20)
which involves the metric tensors,
1 0 0 0 0 0 -1 0
0O -1 0 0 = 0 0 0 -1
0\ _ 0y
0o 0 0 -1 0 1 0 0
The sum of the two metrics defines an isometric tensor
1 . . .
M = SO +9%) + (@88, + &, 8a,)] = (1+ B), (2.22)
which consists of the conventional Dirac’s y-matrices for spin—% particles|14]
Yo = B, 7 = Pa(r =1,2,3); withy, v, + vy, = anw (2.23a)
and the (dual) Dirac’sj3, & matrices for integral spin particles[14]
(@B, + @ Bay) = 280, 3w + F3uin = =20 A = Bé (2.23)
where,
10 0 O 0001
5= 01 0 0 0010
“loo -1 0 "™ lo100 |’
00 0 -1 1 000
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0 0 0 —i 00 1 0
(o o0 i o0 0 0 0 —1
“=lo 500 |’ 1 0 0 0o |
i 0 0 0 0 =10 0
dp = 1
0 0 10 0 0 —1 0

G_| 0 001 5 00 0 1
=1 0 00 '™ [ 10 0 0o |’
0 -1 0 0 01 0 0
000 1 10 0 0

o010 i 01 0 0
“=lo100 "™ oo -1 o
1000 00 0 -1

As a result of the above relations, the visual (Feynman graph) image of e~ — ef
scattering leading to production 7° is provided by the two quadric surfaces, S and S

(1 £ B)ngym” = (ct)? — 2 —y?* — 2% + 2cty = 5 (2.24)

We note that when ¢t = s , these are two spheres of radii ¢t in contact along the
y-axis and that 7,, = (1 + B)'rzgy = fngy defines a non-trivial ”isounit” (I ) for
such a generalized Feynman graph/rules for computing the S-matrix for extended
particle scattering processes leading to fusion products like the 7% . Note also that if
y/s = tisinf then (2.24) is a torus with parametric equations:

x = (is — ctsinf)cosp;y = (is — ctsinb)sing; z = ctcost (2.25)

A corresponding two-dimensional wave-and-particle (extended wavepacket) picture
of the proton and the toroidal orbit of the electron in McDonough’s representation
of the Rutherford-Santilli neutron which apparently relates it to Santilli’s ”etherino”
model of the neutron is shown in Fig.4b.

3. Computation of the iso-S-matrix from Feynman Graphs/Rules.

In order to familiarize the reader with the use of the our generalized Feynman
graphs/rules for computation of the S-matrix we begin with the conventional electron-
proton Coulomb scattering (Fig. 3a) that leads to the familiar Mott scattering cross-
section. Fig. 3a is now elebaorated as shown in Fig. Ha,
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b Rikrb s B R Tl

Figure 7: Projection of the Macdonough representation of the Rutherford-Santilli neu-
tron showing its relationship to Santilli’s ”etherino” model of the neutron
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x8®(P-P-q)

(2”)% ko (27[)A R)

Figure 8: Conventional Feynman Graph/Rule for e-p Coulomb Scattering
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To write down the S-matrix one starts in the direction of the (top left [red]) arrow
from left to right as indicated in Fig. ba and, at each vertex, inserts all other factors
between the incoming and outgoing arrows. If loop closes, one takes trace to get

4
Spi = —4m’/ (d LH [ ! e a¥ (k)] x

2m)4 g \ K
[—i(4me)y" (2m)* x W (K — k4 q)] x | (;r)3 % x u (k)] x
ig De(e) % sy 7 0 (Pl
—i(dme)y (270) x 6D (P + P — g)] x [ (;)3 %C < UN(P)]

d'q [(mep(Mey?

= —4m'/ o\ Rk PR, x @ (K )y u® (k) x

—Amia V5@ (g ;o
(i 2m) 6D (K + P — k — P)x
(K — k)* +ie] 72 x U (P")y,UNP). (3.1)

In terms of the electromagnetic current,

e (me)? o
(2mc)? ko ko

3" (K'k, —q) = (2m)" x (K" — k + q)] (K)y""u (k)

and the Moller potential

/ 47T / /
A K — k)= mefu(p Pk — k)

the S-matrix takes the form of current-current interaction

Syi= i | T4k, ) L pra) (3.2)
fi— Uy’ (277')4] , —q q4 ) pp;q .

The differential cross section with no polarization for initial particles in the laboratory
frame,p = (Mecy; 0) is given by

\%

k 1
7 % @

1 1 Sil?
do = 52 | jf | PPp'd*K (3.3)
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which, on extending the sum to all initial and final spin states, becomes

4ra)?
(2m)t

m2M?c}

_(
o = Kok PoPy

2n)*6W (K + P' — k — P) x

‘k‘ 1 y 1T [ Lmeo + 7.k meo + .k
~Trace
o T = k) (y, — k)P~ 47
o Meg+~.P Mcy+v.P
QMCO R QMC()
OZ2 1 4
= — WK +P —k-P
PO T

| x

14
2mcy 2mcy

Tracely |k d* P’

1
ZTrace['y“ X (meg +v.k) X v, X (mcg + 7.k')] X

&P K
By Ky

1
ZTmce[y“ X (Mco+7v.P) x v, X (Mco +7.P")] x

where o = €2 /hc.
We shall not proceed further with the explicit evaluation of this expression except
to note that the product of the two traces is

5,050 = BKT — g (k) + (e
[PEPY — ¢ (PP) + (Meo g (35

where P = P + k — k' and in the laboratory frame [P = (Mcp,0) | under the
assumptions that the proton has no structure and that

meo/ko << 1,meo/ky << 1,¢" = (K — k)* ~ —4k0k63i”2(g)=

one obtains the standard expression[15] of ”potential scattering theory” for electron-
point-proton scattering (with unpolarized initial state and no observation of final
spin):

do._, oE*(1—[sin*(0/2))  a?cos®(0/2) _ doo

A0 4Ptsini(9/2)  Efsind(6/2) _  dQ (3.6)
where
S = %, %(P' —P)? = (q)? = 2P?(1 — cos()) = 4P?sin?(0/2)

and o0 is the Mott scattering cross section. A preliminary HM approach to deep-
inelastic (irreversible) scattering has been reviewed by Animalu and Ekumal[16].
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Figure 9: Fighb: Generalized Feynman Graph/Rule for e-p Scattering
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Turning next to the isoscattering profile represented by Fig.3(b and c¢) we consider
the elaboration in Fig. 5(b).

Again, to write down the S-matrix one starts in the direction of the (red) arrow
from left to right as indicated above and, at each vertex, inserts all other factors
between the incoming and outgoing arrows. If loop closes, one takes trace to get

A d4A 1 AQr 2
Sy = —din / T i ()
(2m) (2m) Ky

j S 2 x B — T+ §)] X [—m e a8 ()]
[—i(4me)y" (2m)" x 5" (K" — k + )] [\/W” P (k)]
I [ A2
VerP\ B

[—i(4me)3t (2m)t x §W(P' + P — §)] x [\/(%T)S’ / M?j x UM(P)]

— 4 Q_ JEEPMEP s iyamad () x
@m)* ' kbkoPy Py

R SO+ P = P
™

(B = k)2 + (mod)? + i8] 2 x UV (P4, 0N P). (3.7)

This may similarly be rewritten in the form of generalized current-current interaction:

[—ig" Dy (g x UY (P)]x

5 . d*q uginh A 1 VA
Spi = —dim x g*(k'k, —q) x A—A)Q]Q x J.(0'P; q) (3.8)

(2m)* [G% + (mgc
where
2 0)2
. —d) = @) x S — i) x — % DL a (yaeas () (3.9a
I q) = (2m)" x o( q)] i) i (K34 a” (k) (3.9a)
A (L 7 dm T (Al ATt 7
Au(K = k) = Ju (' D3 K — k) (3.9b)

(k" — k)2 + (mye)? + ié
are, respectively, the generalized electromagnetic current;j* and generalized Moller
current.J,, associated with the generalized electromagnetic vector potential, A, .
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We observe that three novel features arise: firstly, from the generalized internal
photon line lA)F(Q) which, as indicated in Table 1, is no longer divergent in the
limit ¢ — 0, secondly, from the generalized Dirac matrices 4*, and thirdly from the
generalized currents " and J . The experimental verification of these novel features
are readily streamlined by re-interpretation of the standard model current-current
interaction model of the weak decay of the neutron to which we now turn.

4.Experimental Verification.

The experimental verification of isoscattering theory requires us to reconcile and re-
interpret the various scattering profiles and models of neutron production considered
in this paper with the standard (electroweak interaction) model[17] of neutron decay
in terms of our sequence of representations of the carrier space-time symmetry of the
scattering region in Fig. 1

QM — 0(3,1) = 0(4,2)
1l
HM — O(3,1) = O(4,2)

as summarized in Table 4 and in Fig.6 as well as the iso-gauge principle for the lifting
of the electromagnetic gauge field A, (z) — A,(2), which we now proceed to discuss
in turns,

| Table 4: Models of neutron productiom m e —p Wuve Cyuations Srénllﬂlflv
1 . JyLT]
Cseallering & poeulron weak decay processes i
prtes sty

L s pie tver ! =Pt T g 4 iy d, - m o, —0 G(31)

! —

(e 0"y | ligd,~2m —@my'a @ <0 | 014D

3 p+ W #-(pW Jay

 pre +T| s i et | 8| B3R RTOF e =0 | 00y

Figure 10: Table 4: Models of neutron production

Table 4 states that compatibility of scattering profiles and neutron structure (with
negative binding energy) requires us to eliminate the neutrino and antineutrino ( v, v)

and replace them with the etherino and antietherino (a°, a") as constituent of the
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Figure 11: Feynman graph for (a) p-e scattering and (b)neutron decay n — p+e~ +v

neutron in conventional QM, but build the neutron from the proton (p ) and mutated
electron (é~ ) in HM. Moreover, consistency of HM concept of electron mutation
requires firstly that é~ ~ e~a° to reach the Rutherford Santilli neutron, n = (p, €~) g
and secondly thaté™ ~ W~ ~ e~a’, where W ~is the massive intermediate boson that
mediates neutron weak decay as shown in Fig.6.

Consequently, a first experimental verification is expected to emerge from the
lifting of the O(4,2) wave equation (2.12) for the pair e~,a° to the following O(4, 2)
wave equation

(19,0 — 3. — (20) 710, 0" b = 0 (4.1a)
for é7,a" . The iso-mass equation,m? + 2m.m — 6m? = 0, has two roots
e = 1he(—1 £ VT),ice., oF = 1.65, = = —3.65 (4.1b)
e me

Thus, m, /M. = 1.65 = 1,0 /M, as before for compatibility with negative binding en-
ergy for neutron production. However, by observing that |m_|/m. = 3.65 &~ mx/myq ,
where3mg = m,, = 939MeV and my = §(ma+me,,,,.,) = 5(11164+1192) = 1142M eV
we infer from Eq.(2.15) and (2.16) thaté~ may be re-interpreted as d-isoquark. In
addition, unlike the usual Dirac equation that has only positive mass, Eq.(4.1a) has
both positive and negative masses, and the negative mass may be necessary for the
binding of the correlated pairs of particles in O(4,2) theories.
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With regards to the lifting of the electromagnetic gauge field, A, (z) — flu(i) , wWe
observe that the divergence of the Feynman graph for the e —p Coulomb interaction
in Fig. 6(a) arises basically from the factor 1/|k’ — bfk|? = 1/q? associated with the
Fourier transform of the long-range Coulomb potential, Vo (r) = (e/co)Ao(r) = —e?/r
which is determined by the time-component (Ay ) component of the electromagnetic
4-vector potential, A, (1 = 0,1,2,3) . For this reason, the divergence is related to the
structure of the electromagnetic gauge field. However, by expressing the interparticle
Coulomb force —dVg/dr = —e?/r? as a functional of the potential energy Vi , and
eliminating explicit r-dependence between dV¢/dr and Vi , a non-linear first-order
differential equation results:

Ve VE 04

— ==, or—— =

dr e? or
As this is a special case of Riccati’s equation, an obvious step to achieve a progressive
generalization of the Coulomb potential is to lift Eq.(4.2) to the most general iso-
Riccati’s equation

(1/e*)AS (4.2)

04y  9A,
or - or
(¢, kbeing constants (in general, functions of 7 ). We note that the derivative and
nonlinear parts, [0Ay/0r — (1/e)A2], of Eq.(4.3) may be re-interpreted as appropriate
component of the SU(2) Yang-Mills gauge field,
_0Ar oA

a 14 abc Ab Apc
wy dl’u (9.’13',/ i mev ( )

= (1)) A2 + CA2 + & (4.3)

where gy is a coupling constant. Moreover, an exact solution of FEq.(4.3) given in the
Appendix to ref.[11] has the form of a Hulthen potential which has an approximate
Yukawa form:

—Me—mo" — Me—mo" — Me~™mo"

Vy(r) = I o 1 009) ~ . = ¢(r) (4.5)

However, by using well-known standard transformation we may convert the nonlinear
first-order Riccati Eq.(4.3) into a linear second-order differential equation for ¢ (see,
p.201 of Piaggio[18]) :

Ay = _e—dlog(¢) = —e—<d¢/dr) = —eﬁ (4.6a)

dr o o’

where ¢1 = d¢/dr. Note that this transformation may be rewritten as a (Weyl-like)
gauge principle in the integral form:

¢ = exp(—(1/e) /0 ' Aodr). (4.6b)
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From (4.6a) we find

dA 2
_0 = _e@ _|_ eﬁ7

dr 0] ¢?
so that, on substitution in Eq.(4.3), the terms in ¢? disappear, and hence, on multiply-
ing the resulting equation through by ¢/e , we obtain a linear second-order differential

equation:

(4.7)

$2 — G — (rk/€)p = 0. (4.8)

In addition, if we select ( = —2/r and pmtm?> = k/e , this equation takes the standard
form

Po  2dp k,_ 1d ,d

@zt i 0= Gag g T e =0 (49)

which is the static limit of the Klein-Gordon equation for a spin-0 scalar field ¢ of
mass m, in units such that h/2m = ¢y = 1. The fact that the Fourier transform of ¢(r)
given by —g2/[¢® + (m4¢)?/h)?] eliminates the divergence of the Fourier transform of
Ve in the limit ¢ — 0 was obtained originally from second-order Coulomb scattering
S-matrix by Dalitz[19].

5. Concluding Remarks.

History of science has established that physical theories provide a mere approximation
of nature due to its complexity generally beyond our understanding. Therefore., no
matter how beautiful and correct a given theory may appear at a given time, its
structural generalization is inevitable due to the advancement of scientific knowledge
and the identification of conditions beyond those of the original conception. This
is also the fate of the 20th century scattering theory, since the inevitability of its
structural generalization, in due time, for higher and higher energies and more and
more complex collisions of particles is beyond doubt.

In this and the preceding papers of this series, we have established that the 20th
century scattering theory can indeed be lifted into an axiom-preserving isotopic for-
mulation for reversible scattering processes which is universal for the class admitted,
invariant over time. and admitting of the conventional theory as a simple particular
case.

In particular, this and the preceding papers of this series, have established the:

1) Conditions of exact validity of the 20th century scattering theory,
given by Coulomb and other scattering of particles under conditions admitting a
valid point-like approximation (e.g., at sufficient mutual distance without collisions),
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as necessary for the applicability of the local-differential topology and mathematics
underlying relativistic quantum mechanics;

2) Conditions of unknown validity of the 20th century scattering the-
ory, given by reversible scattering events entirely representable via negative bind-
ing energies under conditions of partial or total mutual p[penetration of the charge
distributions and/or wave|packets of particles. In this case, vast preceding studies
have established the non-Lagrangian and non-Hamiltonian character of the events
with expected revisions of the “experimental results” claimed from the elaboration of
measured quantities vis the 20th century theory. The unsettled character of this case,
clearly stated since Paper I of this series, is that the 20th century and the isotopic
scattering theory have exactly the same axioms, to such an extent of coinciding at
the abstract realization-free level. Under this axiomatic identity, no scientific conclu-
sion can be reached without a detailed scrutiny, whether for the validity or invalidity
under isotopies of 20th century ”exp[experimental results” for reversible scattering
events entirely representable via a negative binding energy.

3) Conditions of inapplicability (and not violation) of the 20th century
scattering theory, given by reversible scattering events requiring “positive binding
energies,” as it is the case for the synthesis of the neutron from a proton and an
electron, the synthesis of the 7° meson from an electron-positron pair, and the syn-
theses of hadrons at large, as occurring in the core of stars, in particle accelerators
or under other conditions. The inapplicability of the 20th century scattering theory
for the latter class is beyond credible doubt due to its unitary character, while the
events considered solely admit a quantitative representation via nonunitary theories
as established by Santilli since 1978 [3].

In conclusion, this and the preceding papers of this series have indeed estab-
lished the necessity, consistency and validity of the isoscattering theory of relativistic
hadronic mechanics because the only known at this writing permitting quantitative
representations of reversible syntheses of hadrons.
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