


INTRODUCTION
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2 ISODUAL MATHEMATICS

Our fundamental assumption is that of antimatter is that it is represented by the new isodual
mathematics which is the anti- -isomorphic image of conventional mathematics under map (1).

Since the latter mathematics is still vastly unknown (in both mathematical and physical
circles), it appears recommendable to outline in this section the main notions in order to
render understandable the physical analysrs of the next section.

An isodual field F? = F(a%, +4, x ) (2, 10, 11} is a ring whose elements are the isodual

numbers

a?=da' x14= —al, (2)

(where a represents real numbers n, complex numbers ¢ or quatermions ¢, ! represents
Hermitean conjugation, 14 = —1, and x represents the conventional multiplication) equipped
with: the isodual sum '

—(al + a;)r (3)
with isodual additive unit 0¢ = 0, a?+907 = 094-¢a? = q? Val € F4; the isodual multiplication

d yd d
a; + a; =

af x* a3 = af'x (~1) x a3 = —a! x af, ' ‘ (4)

with isodual multiplicative unit (or isodual unit for short) 19 = —1, a4 x4 19 = 19 x¢ q¢ =
a? Va* € F% and remaining isodual operations, such as the isodual quotient

a = ar/daz = —ar/az a{/a;,

az $ x4 a'zi = a'li, (5)

the isodual square root
(a)¥ =v=al=Vdl,
(¥ x? (¥ = ¥, | (6)
and others [5, 10, 11]. . .
A property most important for this note is that the norm of isodual fields, called isodual
norm, is negative definite,

I a® ld=l ad , x1% = _ l ad l=v—(a X al)%. (7)

A quantity Q is called isoselfdual when it coincides with its isodual

Q=qi=-gt. . (8)
For instance, the imaginary quantity i = /=1 is isoselfdual because ¢ = —it = —7 =
—(~4) = 1, where the upper symbol - denotes complex conjugation.
Note that for real numbers n? = —n, and for complex number ¢? = (n; +i xny)¢ = ng +"
i*x%n§ = —n;+ixn, = —C. Note also that | n? |?= — | n and | 4= — | €= -—(nl-}—nz)
We finally note that isodual fields satisfy all azioms of a field although in their isodual
form. Thus, isodual fields F9(a?, +4, x9) are antiisomorphic to conventional fields # (a,+, %),
as desired.
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For further .studies on isodual fields the interested render may consu]t [5, 10 11] (with
the understanding that the isodual number theory has not yet been investigated ,by mathe-

maticians until now). '
An n-dimensional isodual metric space §¢ = S"(:r",gd, RY) (2, 11] is a vector space Qith
isodual coordinates z* = —z = {z,2%,...;2"} and isodual metric g% = —g (where ¢ is an

ordinary real and symmetric metric), defined over the isodual real field R¢ = Ri(n?, 44 x4y,
- By recalling that the interval of a metric space must be an element of the base field, the
interval between two points z¢,z% € S¢ is given by :
[(23 — 23) x g5 x (2} - 2})] x 1* =

[(=23 +23) x (—gi) x (=2} + 23)] x (1) =

= (Il '—:,$2)2. ‘ ) . . (9)

(a] — 23)™

We reach in this way the fundamental property of isodual theories according to which
the interval of (real) metric spaces is isoselfdual (i.e., invariant under isoduality).
As important particular cases we have [loc.cit.):

1. The 3-dimensional isodual Euclidean space E? = EYr, 64, RY), 1% = —r = —{r*} =
{zd,y",ig = {-z,~y,~2}, k = 1,2,8, & = —6 = Diag(—1,-1,-1), with isodual
sphere %% = (~zz —yy — 22) x (=1) = r? = (zz + yy + zz) x (+I), with isodual unit
I* = Diag(—1,~1,~1). L , . L

2. The (3 + 1)-dimensional isodu‘al Minkowski space M? = M4(z? r¢ R%), z? = —z =
—{z*} = —{z*,2*} = —{r, ¢, t}, where c is the speed of light (in vacuum), and ¢ =
—n = —Diag(1,1,1, —1), with isodual light cone z%%¢ = (z% x 7%, x ) x I = 12,
#,v =1,2,3,4, with isodual unit I = Diag(—1,—1,—1,—1).

3. The (3 + 1)-dimensional isodual Riemannian space R? = RU(z?, g4, RY), z¢ = _z
?.nd g" = —g(z) on R?, where g is a conventional Riemannian metric, with isodual
interval 244 = (z% gd, z%) x I = z? = (z#g,,7*) x (+I), with isodual unit I¢ =
Diag(—1,~1,-1,~1). ‘

The isodual geometries are the geometries of the isodual spaces. This includes the isodual
symplectic geometry [5, 11], which is the anti-isomorphic image of the conventional symplec-
tic geometry on the isodual cotangent bundle T* E%(r?, 6%, R?) with 6-dimensional isodual
unit J¢ = I¢ x I ;

The isodual differential calculus [11] is characterized by

lf:rk = —d:tk‘, dd.‘rdk S —d(—zk) =dzx
ai et = _af/osk, |

k
* - (10)

By recalling that p-forms must be elements of the base field, the canonical one-form
changes sign under isoduality, ’

0% = (pf x? d¥z%) x I = -0, ' (11)

while the canonical symplectic two-form is isoselfdual,

Il

Wl (diz® Atdipd) x IE =
(dz*Adpy) x (+16) = w. (12)
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For further details one may consult [5, 11].

The isodual Lie theory (5, 12] is the anti-isomorphic image of the conventional Lie theory
under isoduality 1. The isodual enveloping association algebra £ i5 characterized by the
infinite-dimensional basis(loc.cit.] '

€, XE XPxAXY, i<jete (13)
where i,7,k = 1,2,...,n, X% = —X = ~X,, X\ is a conventional (ordered) basis of an n-
dimensional Lie algebra L =~ £~, and I¢ is the n-dimensional isodual unit,
_I*= Diag(-1,-1,...,-1).
The attached antisymmetric algebra is the isodual Lie algebra L? =~ (¢%)~ with basis
X% = —~X and isodual commutators [loc.cit.]

L4 [(XE X = XExA X - X xd XE =
= —(Xi) x (=) x (= X;) = (=X;) x (1) x (Xi) =
= Cif x* Xi = ~[Xi, X;] = —CE Xk (14)
The isodual ezponentiation is defined in terms of basis 13 [loc.cit.],
= 1 X4 X xd X L =
= (=DA+ X/ 4+ X x X/2+..) = =¥ = —&¥. (15)

The (connected) isodual Lie groups G [loc.cit.] as characterized by the isodual Lie
algebra L (under the conventional integrability conditions of L into G) are given by the
isoexponential terms for Hermitean generators X = X1

d
G pi [ S
k

- _ Heixwkxxk — "-U, (16)
k
where wf = —wy € R? are the isodual parameters and we have used the isoselfduality of :.
It is evident that, for consistency, G¢ characterizes the isodual transforms on §%(z?, g¢, R%)
¥ =U? x¥ 2 = -7, (17)

and that the isodual group laws are given by
U (wi) x4 UH(wg) = U¥(wi +7 w3),
U%(0%) = I? = —Diag(1,1,...,1). (18)

For additional aspects of the isodual Lie theory one may consult [5, 12].
An isodual symmelry is an invariance under an isodual group G¢. The fundamental

isodual symmetries are:
- isodual rotations 0%(3);

- isodual Euclidean symmetry E4(3) = 0%(3) x? T(3);



- isodual Galilean symmetry G¥(3.1);

- isodual Lorentz symmetry L%(3.1);

- isodual Poincaré symmetry P4(3.1) = L(3.1) x* T¢(3.1);

- isodual spin symmetry SUY(2);

- isodual spinorial Poincaré symmetry P* = SL4(2. C?) x4 T4(3.1);

and others [loc.cit).
The isodual Hilbert space H? is characterized by the: isodual states

[0 >%=~<W| (ordt=-0t, (19)
isodual inner product
<O|T>=< ¥ | x(I)x | & > xI? € C¥(ct, +¢, x¥); (20)
and tsodual normalization
US> =< x(=D)x | ¥ > x(-1)=—1I. (21)

The isodual ezpectatibn values of an operator (¢ a.re‘given by
<QI>? = <UxQIXU TS A< U x(=D)x | ¥ >=
= -<@>, . (22)

i

where < @) > is the conventional expectation value on a conventional Hilbert space H.

Similarly, the isodual eigenvalue equations for a Hermltea.n operator H = H! are given
by

ded l ¥ >d: ded I N >d’ (23)

where E? = —E. One can therefore see that the isodual eigenvalues E? coincide with the
isodual expection values of HY.

A property which is mathematically trivial, yet fundamental for the physical a.na,ly31s of
this note is that the normalization on a Hzlbert space is isoselfdual [5),

<SU|I> = <¥|x(=N)x|¥>x(=]) =
= <Y x(FHNX ¥ > x(+]) =< ¥ | U >. (24)

The above property characterizes a new invariance which has remained undetected since
Hilbert’s conception. Note, however, that, as it is the case for the preceding novel invariance
of the Minkowski line element, the discovery of new laws (9) and (24) required the prior
identification of new numbers, the isodual numbers.

The theory of linear operators on a Hilbert space admits a simple, yet significant isodu-
ality (see [5]) of which we can only mention for brenty the isodual unitary law

U? x? UM = U4 x4 yd = [, (25)

e NSt

Functional analysis also admits a simple, yet significant isoduality which we cannot review
for brents [loc.cit.]. The non initiated reader should be alerted that, to avoid insidious
inconsistencies, the totality of conventional mathematical quantities, notions and operations
must be subjected to isoduality, e.g.: angles and related trigonometric functions must be
isodual; conventional and special functions and transforms must be isodual; etc. [5].

We finally recall that the isodual mathematics of this section admits three sequential
generalizations called isotopic, genotopic and hyperstructural which we cannot review here
for brents [9, 11].

3 ISODUAL THEORY OF ANTIMATTER

The central assumptions of this note are [3] '

1) matter is represented by conventional mathematics, including numbers, spaces, a.lge~‘
bras, etc., based on the conventional positive unit +1; while

2) antimatterisrepresented by the isodual mathematics of the preceding section, including
isodual numbers, isodual spaces, isodual algebras, etc, based on the isodual unit —1.

The above representations of matter and antimatter are then interconnected by the iso-
dual map (1) which is bi-injective and anti-isomorphic, as desired.

In this way, isoduality permits, apparently for the first time, a representation of antimat-
ter at all levels, beginning at classical level and then continuing at levels of first and second
quantization in which it becomes equivalent to charge conjugation [4, 9].

By recalling that the isodual norm is negative definite, Eq. (7), an important ‘conse-
quence is-that all physical characteristics which are positive for maiter become negative for
antimatter. The above occurrence is familiar with the charge ¢ whose change of sign in

the transition from particles to antiparticles is re-interpreted as isoduality, ¢ — ¢¢ = —q.
Jointly, however, isoduality requires that the mass of antiparticles is negative, m* = —m,
their energy is negative, E? = —FE, etc. Finally, isoduality requires that a.ntlpa.rtlcles more

backward in time, t = —t, as originated conceived [1].

Oné’should note that the conventional positive values for particles m > 0 E>0,t>0,
etc., are referred to corresponding positive units, while the negative values for a.ntlpa.rtlcles,
m? < 0, E? < 0, t¢ <0, etc., are referred to negative units of mass, energy, time, etc. This
implies the full equivalence of the two representations and removes the traditional objections
against negative physical characteristics.

In fact, isoduality removes the historical reason that forced Dirac to invent the “hole
theory” [1], which subsequently restricted the study of antimatter at the level of second
quantization. We are here referring to the fact that the negative energy solutions of Dirac’s
equation behave unphysically when (tacitly) referred to positive units, but they behave in a
fully physical way when referred to negative units [4, 9].

The isodual theory of antimatter begins at the primitive Newtonian level so as to achieve
a complete equivalence of treatments with matter. The basic carrier space is the isodual
space ;

S, v v) = B4, RY) ¢ B4 (rd, 6, RY) x E4(v?, 67, RY),



Ve = dirdpdgid =y, (26)
with corresponding total 7-dimensional (dimensionless) unit
B I* = 1@ x4 <
1{=-1,I! = —Diag(1,1,1) = I. (27

The-fundamental dynamical equations are the isodual Newton’s equations first introduced
by the author in [11].

mizddiod 144 = it o)k =2,y 2,2 (28)

It is easy to see that the above theory represents correctly all Newtonian Coulomb in-
teractions. In fact, the theory recovers the repulsive Coulomb force between two charges ¢
and ¢, of equal sign of matter, F = k x q1 X ga/r X r > 0; it recovers the repulsive force
between the corresponding “anti-charges”, F = k{ x?qd xd gdfdrd xd pd < g (because now
the. force is referred to the unit -1); and recovers the attractive force between charges ¢ and
their conjugate ¢¢ when computed in our space, F' = k; X g x ¢/r x r < 0 referred to the
unit +1, or in isodual space, F = K xdq? % q/%r? x¢r? > 0 referred to the unit —1.

Along similar lines, it is easy to see that the above theory recovers the conventional
Newtonian gravitational attraction for matter-matter systems, F =g x m; x my/r xr > 0;
it -predicts gravitational attraction for antimatter-antimatter systems, F' = g¢¢ x?¢ m? xd’
m$/%r? x4r? < 0; and it predicts gravitational repulsion (antigravity) for matter‘a.ntimattter
systems, F =g x my x m$/r x r <0 on S(t,ryv) or F = g? x¥mé x4 my/4rd x?rd > 0 on
Sd(td,rd,vd). . ! ?

The fibove predictions are confirmed at all subsequent classical levels, including the rep-
resentation of antimatter on isodual Riemannian spaces, which yields the characterization
of antigravity for matter-antimatter systems via the reversal of the sign of the curvature
tensor (see [5, 9] for brevity). .

. The next level of study is that via the isodual analytic mechanics [11], which is character-
ized by the isodual Lagrange equations (here omitted for brevity), and the isodual Hamilton
¢quations in the isodual Hamiltonian H¥(t%,14, p?) = —H(t,r,p) [11]

ddzkd _ ade ddpz ade :
ddgd © T dipd 7 gdyd =_adzkddv (29)

which are defined on isodual space 524,79, p?) with isodual units (27), an pf = m? x? v},
Eq. (29) are derivable from the isodual action

d , iy
A = / Gl x d'a* — g xd afyd) = _ g, ‘ - (30)
with isodual Hamilton-Jacobi equations [loc.cit.]
A9 + 1 = o,

§eAd [dgirk _ o= 0. (31)

s

It is easy to see that the isodual analytic mechanics preserves all electromagnetic and

gravitational predictions of the isodual Newtonian theory.
The operator formulation is characterized by a new quantization for antimatter, which is
missing in current theories. It can be first expressed via the naive isodual quantization [11]

At o i xR X nf (e, rd), (32)

under which Eq. (31) are mapped into the isodual Schrodinger equations [11]
i x? B xd g9 = [ x? e,
pi x? Wt = —i x? ¢ x4 90 4o, (33)

with corresponding isodual Heisenbery equation [loc.cit.]
i x4d'Q!/?d%? = Q* x* H* — H? x* Q°. (34)

The above naive derivation is confirmed by the novel isodual symplectic quantization
which is not reviewed here for brevity [loc.cit.). ’

Isodual techniques have therefore permitted the identification of a hitherto unknown im-
age of quantum mechanics called by the author isodual quantum mechanics, whose structure

is characterized by [5]: .
1. Isodual fields of real numbers R¥(n?,+%, x?) and complex numbers C%(c?, +¢, x¢).
2. Isodual carrier spaces, e.g., £%(r¢, 8%, RY).
3. Isodual Hilbert space H¢.
4. Isodual enveloping operator algebra £9.
5. Isodual symmetries realized via isodual unitary opéra.tors in H?, e.g., Eq. (26).

The fundamental notion of the theory is evidently given by the isodual Planck constant
h? = —h, although referred to a negative unit —1, thus being equivalent to & > 0 when
referred to its positive unit +1.

It is evident that the map from quantum mechanics to its isodual is bi-injective and
anti-isomorphic, as desired and as occurring at all preceding levels.

Note in particular that the new Hilbert space invariance law (24) assures that all physical
laws which hold for particles also hold for antiparticles, as confirmed by the equivalence
between charge conjugation and isoduality. _

It should be noted that charge conjugation is (bi-injective and) homomorphic because
spaces are mapped into themsclves. On the contrary, isoduality is (bi-injective and} anti-
tsomorphic because spaces are mapped into new oncs, the isodual spaces, which are coexis-
tent, yet physically distinct from conventional spaces. The latter occurrence will soon appear
crucial for the main results of this note.

Intriguingly, isodual quantum mechanics recovers the known clectromagnetic and weak
phemenology of antiparticles [5, 9], thus providing sufficient credibility for further studies. In



fact, the isodual operator theory merely provides a re-inferprefation of existing phenomeno-
loglcal knowledge, as the reader is encouraged to verify, e.g., for the quantum Coulomb
interactions.

1t should be also noted that the above results are reached for antiparticles in first quanti-
zation, because second quantization is done for exactly the same reasons used for particles, no
more and no less, owing to the complete parallelism of the theories for matter and antimatter
at all levels.

Our relativistic theory of antimatter also begins at the classical level and it is based on a
new image of the special relativity called by this author the isodual special relativity [3, 5, 9.
The latter theory is based on the isodual Minkowski space M?(z%,7?, R?) with basic isodual
unit of space and time (also in dimensional form) I¢ = —Diag(l1,1,1,1,).

The fundamental symmetry is the isodual Poincaré symmetry P?(3.1) = L4(3.1) x4 T¢
(3.1), with isodual Lorentz transforms

Pt S .’Edl, o2 — Id27
3 = ,7d xd (Id3 - ﬂd xd $d4),
Ild4 — 7d NG (Id4 _ ﬂd NG md3),
ﬂd—:vd ded — -8, ﬂd2d=v xdvd/dc x4 cd ﬂ2,

7 =1/41 - )t = —1/(1 - )2 = —, (35)

where we have used properties (6).

It is instructive to verify that transforms (35) are the negative version of the conventional
transforms, thus confirming the isodual Lie theory [12].

The applicability of the isodual special relativity for the characterization of antimatter
is established by the isoselfduality of the relativistic interval

(29" — 25") x 1, x (2 — z)| x I* =
(=} — 2%) X N (=] ~ 23)] x I
= (z1— =), (36)

which has remained unknown throughout this century because of the prior need of the isodual
numbers.

It is an instructive exercise for the interested reader to see that the isodual special rela-
tivity recovers all known classical electromagnetic phenomenology for antiparticles [5, 9].

The isodual theory of antimatter sees its best expression at the level of isodual relativistic
quantum mechanics [5, 9], which is given by a simple isoduality of the conventional theory
here omitted for brevity.

We merely point out that negative units and related isodu'(zl‘theory appear in the very
structure of the conventional Dirac equation k

(Il - Ig)dzd

T x[p.—ex Auz)/c] +ixm x ¥(z) =

0 k . I, 0
7k=(_alc%)» ’74=1X(0 _I’)‘ (37)

In fact, the isodual unit of spin I* = —I, = —Diag(1,1) enters the very structure of 7*,

while the isodual Pauli matrices o*¢ = —o* enter in the characterization of 7.
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The above occurrence implies the emergence of a novel interpretation of the conventional
Dirac equation based on the following total unit, space and symmetry

ITot = {Iarb X Ispin} X {I: Isdpm}

MTot = {M(:E’ 7’7R) X S-'Pi"} X {Ald( Rd) X Sgpm}
St = {SL(2.C) x T(3.1)} x{SL"(?.C")x T(3.1)} , (38)

where 1,,; = Diag(1,1,1,1) and I, = Diag(1,1).

It should be indicated that the latter re-interpretation (which has also esca.ped atten-
tion thoughout this century) is necessary for consistency. In fact, the conventional gamma
matrices (87) are isoselfdual. The conventional interpretation that the Poincaré symmetry
P(3.1)= SL(2.C)xT(3.1) is the symmetry of Dirac’s equation then leads to inconsistencies
because P(3.1) is not isoselfdual. Only the product P(3.1)xP?(3.1) is isoselfdual.

The above results permit the following novel re-interpretation of Eq.s (37)

7 x [pu — € x A(z)/c] +i x m x B(z) =0,
. (0 q 4 ¢ o
7""(0:: 0)’7 (01
-~ ~ ~ - . @
{7u17v} = 277#” ¥ = —7a X ¥=ix ( il ) . (39)

where ®(z) is now two-dimensional.

Note that the above equations: remove the need of second quantization; eliminate the
need of charge -conjugation because the antiparticle is represented by o9, I¢, ®%; and re-
store the correct representation of spin 1/2 via the conventional two-dimensional regular
representation of SU(2), rather than the current use of a*four-dimensional y-representation.

We are now equipped to address the main objective of this note, a study of the anti-
hydrogen atom and its spectroscopy.

For this purpose we restrict our analysis to massive particles defined as irreducible unitary
representations of the Poincaré symmetry P(3.1). This essentially restricts the analysis to
the electron e and the proton p, both considered as elementary, due to certdin ambiguities
for composite hadrons indicated in App.A.

We then introduce the notion of massive isodual particles as irreducible unitary represen-
tations of the isodual Poincaré symmetry P¢(3.1). This again restricts the analysis to the
isodual electron €* and isodual proton p°.

At this point we should indicate the differences between “antiparticles” and “isodual par-
ticles”. In first approximation, these two notions can be identified owing to the equivalence
of charge’ conjugation and isoduality. However, at a deeper inspection, antiparticles and
isodual particles result to be different on a number of grounds, such as:

1. Isoduality is broder than the PTC symmetry because, in addition to reversing space-
time coordinates £ — ¢ = —z (PT) and conjugating the charge ¢ — ¢¢ = —¢ (C), it
also reverses the sign of the background units.

2. Antiparticles are defined in our own space-time, while isodual particles are defined in
a new space-time which is physically different than our own.
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3. Antiparticles have positive mass, energy, (magnitude of) spin, etc.,' and move j:orward
in time, while isodual particles have negative mass, energy, (magnitude of) spin, etc.
and move dackward in time.

Next, we consider the bound states of the above elementary pgrticle: V\;hich are given
by: the hydrogen atom A = (p, e)qun; the isodual hydrogen atom A¢ = (p?, e*)1gar; and t.he
positronium P = (e,e?)gum = (e, €)1on, where QM (IQM) stands for Quantum Mef:ha.mcs
(Isodual Quantum Mechanics). ' B L

It is evident that the hydrogen atom is characterized by the familiar Schrédinger’s equa-
tion in the Coulomb spectrum E, on the Hilbert space H ,

HX [¥>=Ex|¥>. | (40)
The isodual hydrogen atom is then characterized by the isodual image on H¢,
Hix? | ¥ >4= Edx?| 94, (41)

The 1sodual theory therefore predicts that the isodual hydrogen.ato.m hasdthe same spectrum
of the conventional atom, although with energy levels revt.:rsed in sign, ES=-FE,. ]

The positronium is an isoselfdual state, because evidently mvana.nt.under the m!;er-
changes e — e, e? — e. As such, it possesses a positi?e spectrum F, in our space-time
and a negative spectrum when studied in isodual space-t{me. In f:flc't, tht’: total s?ate .of the
positronium is given by | Pos > = | ¢ > x | e >? with Schrédinger’s equation in our
space-time (f = 1) '

i%lPos>=(pk><p"/2m)xle>x|e>d+

+]e> x(pe xpr/2m)ixd|e>? +V(r)x|e> x |e>t=
=E. | Pos>, E, >0, (42)

with a conjugate expression in isodual space-time. - _ )

As indicated earlier, the isodual theory recovers the available information on electromag-
netic (and weak) interactions of antiparticles. No novelty is therefore expected along these
lines in regard to the antihydrogen atom and the positroniu_m.‘ o )

However, the isodual theory has the following novel predictions for gravitational interac-

tions [6, 9):

PREDICTION I: Massive stable isodual particles and their bound stated (such
as the isodual hydrogen atom) ezperience antigravity in the field of matter and
ordinary gravity in the field of antimatter. ‘

PREDICTION 1I: Bound states of massive slable particles and their isuduals
(such as the positronium) experience ordinary gravity in both fields of matter and
antimatler.

We now remain with the central open problem raised in this note: Does entimatter emit
a new light different than that ematted by ordinary maiter?
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The answer pfovided By the isodual ’t}‘ICVOI‘y is in the affirmative. Recall that the photon
7 emitted by the hydmgen‘ atom has positive énergy and time according to the familiar
plane-waves characterization on M(z,n, R) with unit 7 = Diag(1,1,1,1)

\I/(t;r) =Ax eix(er—Ext). (43)

The isodual hydrogen atom has negative energy and time. As such, it is predicted to
emit photons with the same characteristics, here called isodual photon and characterized by
the isoduality 2 ' :

drd_pdydyd)

) = At O

- ZAx c—ix(er"—Ext‘), . (‘44)

now defined on M4(z?,p4, R¢) with isodual unit [¢ = —Diag(1,1,1,1).
It is casy to sce that the isodual photon is characterized by the isodual special relativity

via the spin 14 = ], massless, irreducible, isodual unitary representation of P4(3.1), the
isodual neutrinos being the corresponding representation for spin %d =-1

It should be recalled again that the isodual particle v¢ behaves cexactly like the ordinary
photon 7 under all electromagnetic and weak interactions. Moreover, massive particles and
their isoduals do annihilate into photons, but photons and their isoduals cannot annihilate.
The sole known possibility to distinguish photons from their isoduals is via gravitational
interactions. We reach in this way the following:

PREDICTION III: The isodual photon ezperiences antigravity in the field of mat-
ter and gravity in the field of antimatter. '

If confirmed by future theoretical and experimental studies, the above prediction would
permit to ascertain whether a far away galaxy or quasar is made up of matter or antimatter
by measuring whether its light is attracted or repelled by the gravitational field of matter.

In principle, the above hypothesis can be experimentally tested in contemporary astro-
physics, provided that care is exercised in the interpretation of the results. In fact, the
gravitational attraction of light emitted from a very distant galaxy by a closer galaxy is
not evidence that they are made up of matter, because both galaxies can be made-up of
antimatter. )

. However, the astrophysical measure of gravitational repulsion of light under the above
conditions would be an experimental confirmation of our isodual theory of antimatter, al-
though we would not be in a position of identifying which of the two galaxices is made-up of
matter and which is made up of antimatter. ~

The resolution of the latter issues will be possible when the technology on the gravita-
tional deflection of light permits the measure of light deflected by ficlds we are sure Lo be
made-up of matter, such as a near-by planet or the Sun.

In summary, the “new physics of antimatter” will remain unsettled until we have final
ezperimental results on the behavior in the gravitational field of matter of: isodual photons,
isodual elect‘rbrjls,(positions), isodual proton (antiproton), positroniumn, and isodual (anti)
hydrogen atom. ‘ ‘
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Note that the availability of several of the above experimental revolutions, but not that
for the positronium will still leave the theory of antimatter essentially unsettled because of
the several conceivable alternatives which remain possible. )

In closing we should point out that, by no means, all possible open questions related to
the new isodual theory of antimatter can be resolved in this introductor.y note.

Among a virtually endless number of aspects to be studied, we mentl.on the need f(_)r the
isodual re-interpretation of second quantization which can be achieved via th'e se.pa.ra,tlon of
retarded and advanced solutions as belonging to the Minkowski space and its 1sod1'1a.l,'re-
spectively, and the re-interpretation of the former (latter) as characterizing particles (isodual
particles). ‘ ‘

Preliminary (unpublished) studies have indicated that the a.l:fove re—mterp.reta.txoq essenl-l
tially leaves unchanged the numerical results for electromagnetic and weak 1{1tera.ctxons‘a.
the way to the isodual re-interpretation of Feynman diagrams, although this expectation
must evidently be confirmed by specific studies. .

However, the re-interpretation implies significant changes, e.g., the §tudy w}llether a given
photon is indeed such or it is an isodual photon. As an example, thfa isodual interpretation
of the two-photon decay of the positronium requires the re-formulation

Pos. = (C,Cd)[QM — 7+ 'rd- (45)

A similar result is expected for other decays, e.g., 7° — v + ~¢ under the condition that
the 7° is also a bound state of a particle its antiparticle. )

Note that there is no new law of conservation of matter and, sepam.telg{, of qnt:mfztte’r,
because of the finite transition probability among them established begmfnng with Dlra_xc s
equation. The only possible conservation laws are the conventional ones is our space time
and, separately,their isoduals for antimatter. o o dct

In addition to the isodual studies in second quantization, it is necessary to conduc
further studies on the interior gravitational problem of matter and of antimatter via the
i ic methods [5, 9] ]
lSOt‘;)rrl) ]fa:tl the la.tt[er’ st]udies have provided the strongest avaible e\./iden_ce (’)’n the ex1stenc_e of
antigravity originating from the identification (rather t.han‘the “unification ) of the (exterlx:){)
gravitational field with the electromagnetic field originating the mass consxderec} [13]. Is
evident that such identification implies the equivalence of the two phenomenologies, that'ls,
gravitation is expected to have both attraction and repulsion in the same way as occurring

romagnetism. )
b i}ﬁ(:abovf argumet is so forceful that the experimental estz.).blishing‘of the l?.ck‘of ex1'st:1tl}(1:e
of antigravity may ultimately imply the need to re-write pa.;hcle phys1c.s, beginning wit t'e
electron, into a form in which the mass does not possess an appreciable electromagnetic
orlg;il;lally, additional studies are needed on the classical a.rrl‘d‘ .quant.um isotopx? rep;esenl;z.:9
tion of gravity and its isodual [9], because these studies contain all the p.recedu.lg ((;nes; P o
the inclusion of gravitation which is embedded in the unit for matter and in the isodual un
imatter.
b ?’rrl:‘:llflrrlninary (unpublished) studies have indicated that th'e latter approa.c.h cf)nﬁrlrr; thle
results of this note, while permitting further advances at the 1soop.era.tor- grav:tatlo.na level,
c.g., an axiomatically consistent formulation of the PTC theorem inclusive of gravitation.
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We finally note that the possible lack of existence of antygravity for the isudual photon
will not invalidate the isodual theory, because it will only imply the isoselfduality of the
photon, that is, presence in the photon of both retarded and advanced solutions, which
would remain separated for massive particles. Thus, antigravity may exists for massive
particles without necessarily existing for light.

Interested readers are encouraged to identify possible theoretical arguments against anti-
gravity for light emitted by antimatter, with the clear understanding that the final scientific
resoluti,(‘)n one way or the other can only be the ezperimental one. ‘

APPENDIX A:

Gravitational problematic aspects of quark theories

The “new physics of antimatter” is expected to have an impact on all of elementary
particle physics, because it focuses the attention on novel gravitational, rather than familiar
electroweak aspects. : _

An illustfétion is given by a necessary reformulation of contemporary quark theories. In
fact, gravitation is solely defined in our space-time, while quarks are solely defined in the
mathematical, unitary, internal space, with no interconnection being possible due to the
O’Rafeirtaigh theorem. ‘ '

It necessarily follows that all particles made-up of quarks cannot have any gravitation at
all, which is grossly contrary to experimental evidence. .

The above conclusion is confirmed by the well known fact that quarks cannot be char-
acterized by irreducible representations of the Poinearé group, that is, quark masses do not
exist in our space-time, and are mere parameters in unitary spaces.

Even assuming that the above fundamental problem is somewhat resolved via hitherto
unknown manipulations, additional equally fundamental problems exist in the construction
of a quark theory of antimatter, because it does not yield in general an anti-isomorphic image
of the phenomenology of matter.

When including the additional, well known problematic aspects of quark theories (e.g.,
the vexing problem of confinement which is not permitted by the uncertainty principle), a
structural revision of contemporary quark theories becomes beyond credible doubts.

The only resolution of the current scientific impass known to this author is that advocated
since 1981, quarks cannot be elementary particles [14], as apparently confirmed by recant
experiments at Fermi-lab [15]. :

" In fact, the compositeness of quarks would permit their construction as suitable bound
states of physical massive particles existing in our space-time, in which case (only) there
would be the regaining of the physical behavior under gravity.
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The following aspects should however be clearly stated to separate science from fiction.
First, the above new generation of quark theories requires the abandonment of the conven-
tional Poincaré symmetry P(3.1) in favor of a nonlinear, nonlocal-integral and non canonical
generalization, e.g., the isopoincaré-symmetry P(3.1)a P(3.1) [16]. In fact, a consistent con-
struction of composite quarks inside hadron requires the necessary alteration of the intrinsic
characteristics of ordinary particles which is prohibited by P(3.1) but rather natural for P
(3.1) [16] and related methodology [5]. '

The use of the ¢—, k— and quantum deformations of should be excluded because afflicted
by excessive problems of physical consistency (which are absent for isotopies), such as [5]:

1) Lack of invariance of the basic unit with consequential inapplicability to actual mea-
surements;

2) Lack of preservation of Hermitiesity in time with consequential lack of observables;

3) Lack of invariant special functions (because, e.g., the number ¢ becomes an operator
under the time evolution).

4) Lack of uniqueness and invariance of physical laws;
5) Loss of Eistein’s axioms; etc.

Second, the real constituents of hadrons are expected to be the quark constituents and
not the quarks themselves {14]. This new perspective removes altogether the need for con-
finement. As a matter of fact, the hadronic constituents are expected to be produced free
and actually identified in the massive particles produced in the spontaneous decays with the
lowest mode {16]. '

The latter particles become conceivable as constituents because of the novel renormal-
izations of their intrinsic characteristics which are permitted by internal nonlagrangian and
nonhamiltonian effects.

Third, the primary physical meaning of unitary theories and related methodologies
(Poincaré symmetry, SU(3) symmetry, relativistic quantum mechanics, etc.) is their his-
torical one: having achieved the final classification of hadrons into families and the final
understanding of the related exterior phenomenology. C

In much.of the way as it occurred for the atoms in the transition from the Mendeleev
classification into families to the different problem of the structure of the individual atoms,
the transition from the unitary classification of hadrons into families to the different problem
of the structure of the individual hadrons, is expected to require a nonlinear, nonlocal-integral
and nonpotential-nonhamiltonian generalization of relativistic quantum mechanics, e.g., of
the isotopic axion-preserving type of ref.s [5, 14, 16].

We should not forget that hadrons are not ideal spheres with points in them, but are
instead some of the densests objects mesured in laboratory by mankind in which the con-
stituence are in a state of total mutual penetration of the wavepackets. It is an easy predic-
tion that, even though of clear preliminary physical value, the use for the latter conditions
of theories which are linear, local-differential and Lagrangian-Hamiltonian will not resist the
test of time. ‘
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The author would be grateful to ckolleagues who care to bring to his attention any credible

alternative ¢ : : : .
quarks which(); the above lmés [5, 14], that is, a new generation of theories with composite

1) admit physical constituents unémbiguously defined in our space-time;
2) Tepresent without ambiguities the gravitational behavior of matter and antimatter; and
. A ’

3 afe ba n the idi , i S
) ol sed on the ezact validity of the Poincaré-symmetry, quantum mechanics and all
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Camunm PM. . o AP ERIT 52'96259

chycxac'r hi%l ml'l'HMaTCpHSl HOBHM cBT?. el e L
U \ G

COBPC/MCHHax TEOpHs aHTUMATepHH mwccr HescHHE Mcc-ra, KOTOpblC mMynuposa.nu couatmc,
u300yansnoii meopuu, OCHOBaHHOH H2 W3BCCTHOM zummaowoprpuou npeuCTanncmm BCEX (maccuqccutxf‘
n xBaHTosux) copmyn’ MaTCpHH Tax. Ha3LIBAaCMOM uzu()ywmme ﬂacrcx npelckasakke, mouyanbuon ;
Teopum’ o TOM, YTO aHTuMaTcpux Hernyckaer HOBBIT cuert, TaK’ Hazusacmuu uJu:)ywwnuu csem, KOTOphiii
-OT ccrcc-racuuoro CBETa, MCMYCKAEMOro Marepucu " MOXHO omwmn. TOJleO no l‘paBH‘mHMOHHOMy
BlauMoneiicTano. Ha npax'mxc mouyanbuaa Teopusl npcucxzuuuaer 41O Bcc CTaGW'IbeIC AHTHHACTHLBL,
"TaKHe Kak H301yanbHHi q:oron MO3HUTPOH H aHTHﬂpOTOH ucnmunamr amnrpaamaumo Brane Marcpuu ;
(OI'lpCJ.lCJISICMyK) KaK H3MCHCHHC 3HaKa TeHiopa xpusmuu) ﬂoamuy s aToOMOB amuso,topoua npcu-"
cxmusatorcx BO3NENCTBHE aumxpanurauuu B 1ONE 3cunu HCHycKanie mouyanbuoro Q;orona W HAmIHE -
TAKOro, Xe cncKTpa ‘KaKk MY aromon Bonopona nourucpxuxcuuoc almunomop(bubm u:couyanmuu
npcuCTanncuucM H:machcx npcucxzmumc mouy"mbuou TEOPHH . o TOM, qro TpaniiLIe. coc-rommz‘
:mcueumpuux HacTHIl H anTuqac-mu (Taxux,xax nozmpomm) nouucpmmcx Bmucuc-rmno oﬁuquon
- TPaBHTAURH B nonsx Kax Marcpnu TaK ¥ aunmarcpuu TaKHM ‘oGpazom ono,mrcx H3B€C1'llb'e soapgxemm $
npoms ammpamnauuu Paccuamuuatorcx choropuc HHTEpECHBIE (byuumcmamnuc uonpocu M e~
pcuxcmmc rcopcnmecxue H Bl\CﬂCpHMellTaﬂbHHC 3a.uaqn «uonou cbmuxu aHmMaTcpnu»

‘Santilli RM: . | E2:96-259:
Docs Anttmattcr met a Ncw Ltght” ' DI e e
,' Contcmporary thconcs of anttmattcr havc a numbcr of msufﬁcnenmes whtch qtlmu]atcd the rcccnt'
cons*tructton of the new: ‘isodial’ rheory ‘based on a ccnam anti- momorphtc map , of a]] (class‘tcal
and quantum) formu]attons of ‘matter called: nodualuy In. thls note: we show: that the 1:>odua] theory
* predicts -~ that anttmattcr cmtts a’new, hgh Jrcalled l.mduul hghl whtch canbe dlstlngunhcd
from the: ordmary hght cmxttcd by ‘matter. via gravnatlona] interactions (only) In pamcu]ar the isodual -
thcory predicts that all stab]c anttpamclcs ‘such’as the isodual photon, the poeltron and the anttproton;
- experience. antlgrav1ty in the field of matter (deﬁncd m thc reversal of thc elgn of the' curvature tensor).”
The antlhydrogcn atom is therefore’ prcdlctcd to:: cxpcncncc anttgravxty in the field of Earth; emit’
"the ! isodual’ photon and; havc the same spcctroscopy of . the hydrogcn atom although subjcctcd,
to an anti- lsomorphlc 1sodual map In this note we also show that the 1sodua] thcory predlcts that bound .
_states of c]ementary pamclcs and antxpamc]cs (such as the posttromum) cxpcncnce ordmary gravnt:mon
“in both fields of m.itter and anttmattcr thus bypasstng known’ objccttom ‘against antigravity. A number .
of- intriguing and fundamental opcn thcorctxcal "und cxpcnmcntal prob]cms of «the new - phy\lC\
of anttmatter» arc pomtcd out.: : Sl : : : :




