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Does antimatter emit a new light?

Ruggero Maria Santillil
Instituto pcr la Riccrca di Basc, Molise, Italy

Contemporary tbeories of antimatter have a number of insufficiencies which stimulatod

the recent construction of the new iso&al theory b?[,1d on a certain anti-isomorphic map of

all (classical and quantum) formulations of matter called kofualiry. ln this note we show

that the isodual theory predicts that antimatter emits a new light, called isodual liglrt, which

can be distinguished from the ordinary light emined by matter via gravitational interactions .

(only). In particular, the isoduat theory predicts that all stable antiparticles such as the isodual

phoion, thi positron and the antiproton cxperience antigravity in the field of matter (defined as

ihe reversal ofthe sign ofthe curvature tensor). The antihydrogen atom is therefore predicted

' to: experience antigravity in the field of Earth; emit the isodual photon; and have the same

spectroscopy ofthe hydrogen atom, although subjected to an anti-isomorphic isodual map. In

this note we also show that the isodual theory predicts that bound states ofelementary panicles

and antiparticles (such as the positronium) experience ordinary gravitation in both fields of

matter and antimatter, thus bypassing known objections against antigravity. A number of

intriguing and fundamental, open theoretical and experimental problems of "the new physics

of antimatter" are Pointed out.

1. Introduction

Since the time of Dirac's prediction of antipartictes and their detection by Anderson

(see I I ] for historical accounts ), the theory of antimatter has been essentially developed

at the level of second quantization

This occurrence has created an unbalance between the theories of matter and anti-

matter at the classi cal and first quantiTation levels, as well as a number of shortcom-

ings, such as the inability for the classical theory of antimatter to have a quantized

formulation which is the correct charge (or PTC) conjugate of that of matter.

In an attempt to initiate the scientific process toward the future resolution of the

above problematic aspects, this author proposed in 1985 [2] a new anti-isomorphic

image of conventionai mathematics characterized by the map of the conventional unit

*1 -r ld = -lt - -1, (l)
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called for certain technical reasons isodual nurp,ot isoduality.

It should be noted that the change of ttre basic unit implies a simple, yet unique and

non-trivial change of the totality of conventional mathematics, including numbers and

angles, functions and transforrns, vector and mefic spaces, algebras and geometries,

etc.
In l99l this author [3] showed that the above isodual mathematics, since it is

an antiisomorphic image of the mathematics of matter, provides a novel classical

representation of antimatter.

The proof that isoduality on a Hilbert space is equivalent to charge conjugation

first appearea in paper [a] of tgg4. Acomprehensive operator treatment subsequently

appeared in monograPhs [5]."Ttre 
prediction thaiisoduality implies antigravity (defined as-the reversal of the sign

of the curvature tensor for massive antiparticles in the field of matter) was submitted

in paper [6], which also included the proposal for its experimental verification via ttre

u." of a low energy (eV) positron beam in horizontal flight in a suitable vacuum tube.

The latter experimental proposal was subsequently studied by Mills [71.

This note is devoted to a study of the spectroscopy of antirnanir via the isodual

characterization of the light emitted by the antihydrogen atom t8l. ln particular, we

show that isoduality predicts that antimatter emits a new light here called kodual

/iglrr which can be sot.ty differentiated from the conventional light via gravitational

interactions.
In the events additional theoretical and experimental studies confirm the above hy-

pothesis, isoduality would therefore permit the funre experimental measures whether

i* u*uy galaxies and quasars are made up of matter or of antimatter.

e more comprehensive analysis is presented in memoir [9], which also includes

the srudy of isodual theories of antimatter at the more general isotopic and isograv'

itationai levels. Reference [9] also shows that known objections against antigravity

are inapplicable to (and not "violated" by) the isodual theory of antimatteq because

the former are (tacitly) constructed on conventional mathematics, while the latter is

formulated on a novel mathematics based on a new negative unit'

After reviewing the mathematical foundations and the main predictions of the iso-

dual theory, in thii note we identify a number of rather fundamental, open, theoretical

and experimental problems of the emerging "new physics of antimatter".

2. Isodual mathematics

Our fundamental assumption on antimatter is that it is represented by lhe new

isodual mathematics which is the anti-isomorphic image of conventional mathematics

under map (l).
Since ihe latter mathematics is still vastly unknown (in both mathematical and

physical circtes), it appears recommendable to outline in this section the main notions

in order to render understandable the physical analysis of the next section'
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la isodual fietd Fd = trd(od,+d, xd) [2,10,11] is a ring whose elements are the

isodual nwnbers

od : of x ld : -ot, (2)

(where o represents real numbers n, Complex numbers c or quaternions q, t rePresents

it"*i,.* conjugation, ld : -1, and x represents the conventional multiplication)

equipped with: the isodual sum

ol+u n|: -(ol + 
"\1,

with isodual additive unit

d =0, od +dod: od+dad =od vrd € rd;

tfu , is o dual mult i P li c at io n

ol, *r 4: ai x (-1) x 6f;: -rt, x a!2,

with isodual multiplicative wit (or isoilual unit for short)

ld: -1, od *d 1d: ld xd od =od Vad g trd;

and remaining isodual operations, such as the isodual qaotient

S: allda!: -rll4= -"llol,

alxd al: adr,

tk isodual sqwrre root

(ru)lu :' 11Fod - ,fr,
(or)iu xd 1ad;id - ad,

and others [5,10,1U.
A property mosi important for this note is that the norm of isodwl fields,

iso&nl nomt is negative deftnite,

loulo : lrol, 1d : -lodl : -(a * ol)'l'.
A quantity Q is called isoselfilualwhen it coincides with its isodual

Q=Qd:-Qt.

(3)

(6)

called

(7)

(8)

For instance, the imaginary quantity i: GT is isoselfdual because id : -it : -i =
-(-i) = i, where the upper symbol - denotes complex conjugation'

Note that for real nr*Ue.i nd : -n, and for complex number {. : (n1 + i x
pr)i-: "f *o id xd ndr: -7.rt * i x n2 - -e. Noti also that Indld : -ln[ and

lClo : -lzl : -("? + n?)1t2.' W, nnaiy note that i's'odwt fietds satis{y all. axioms of a field although in their

isodual form. Thus, isodual fielis Fd(od, +i, xd) are antiisomorphic to conventional

fields .F(c, *, x ), as desired.
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For further studies o,n isodual fields the interested reader may consult [5'10'lu

(with the understanding *," o. isodwl nwnher theory has not yet been investigated

by mathematicians until now)'

An n-dimen ,ior^tiroi*r metic space ! 1 sF(rd,-od,.rF1 1z,t t1 is a vector space

with isoduat ,oorai*iirV':':;-: lrl,*,...'"li and isoitual metric f : -g.

(where g is an ordinary real and wrn*"ri. #oic), aennea over the isodual real field

R4 : Rd(nd,+d, Xd).

By recalling Oat tiie interval of a metric pace musl be an elernent of the base field'

ttre interval between two poins 4,4eSF is given by

@1- ,or)^: [(ri' -,f) ' gfi * ("io - lrdl] x td

- t(-"i +ci) x (-gii) x (-Pi +/r)] x (-1)_L

=ir1-,2)2' 
(9)

'We reach in this way the firndamental ProPerty of isodual theories according to

which the inten al ol QeLD metrtc spaces it ioitfi*l (i.e., invariant under isoduality)'

. As important particular cases we have [oc'cit']:

l. The 3-dimensional isoilwl Erclidean space

g! : fr(ru,#,trf),
,d : -r: *{rk} -- {rdrydrzd} : t-r, -u,-z}, k-- 1,2,3,

d : -6: Diag(-l,-1,-1),

with isodual sPhere

rdzd - ?r, * yy - zz)x (-I) = * : (m * 9A * zz)x (+I),

with isodual unit

rd : Diag(-I, -1, -l)'
2. The (3 + l)-dimensional isoihnl Minl<owski sPace

hfd =Md(sttrrtl,#),
nd : -s: -{rll = -{ct,ca} : -{r,c,t},.

where c is the speed of light (in vacuum)' and

rf : -rl: -Diag(l,1,1,-l),
with isodual light cone

sdzd - (rdt, x ndu, x rn") x f = *,, prrl = 1,2r3r4,

with isodual unit
'rd : Diag(-l, -1, -1,-l)'
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3. The (3 + l)dimensioaal isoihnl Riernannian space

#:Rd("d,gd,trf),
td : -, and gd : -g(s) on fild,

where g is a conventional Riemannian metric, wittr isodual interval

rdu : (rdu gnur rn", x td : * - (rpgurr') x (+I),

with isodual unit

I = Diag(-l,-1,-1,-l).
The isodual geometries are the geometries of the isodual spaces' This includes

rhe isodual symptectic Seometry tS,ttl, which is the anti-isomorphic imagc o.f tt':

conventional symplectiJgeometry-on *" *iiii *ungent bundle- f* E 7rd,6o, F)
with 6dimen.ionA isoduat unit I.d : If x J$.

T1ne isodual diflerentiat calculus [lU is characterized by

do rk = -drk, dugd& : -d(-rft) = dct,

Ua ya f Odadk : -dy f a*.
By recalling that pforms must be elements of the base field, the canonical one-fonn

changes sign under isoihnlitY,

(10)

(1 1)

For further details one may consult [5,1U'
Tthe isodual Lie theory t5,l2l is the anti-isomorphic image of the conventional

Lie theory under isoduality 1. \\e isodurtt 
"n "toping 

assiciation algebra ("d is

characterized by the infi nite-dimensional basis [loc'cit']

ed : bdx *d dd"dk) x 4: -0,
while the canonical symplectic two'form is isoselfdual,

ud: (ddrdk nd odpfl; x rud

= (dr& Adpr) x (+16) = sr. (12)

d ' rd, xl, x! *o xj, i ( j, etc. (13)

where i, j,k : 1,2,... rfl, Xd - -X - -Xk, Xt is a conventional (ordered) basis

of an n-dimensional Lie algebra L * €-, urJ fd is the ndimensional isodual unit'

fd : Diag(-l,-1, .-.r-l).
The attached antisymmeiric algebra is rhe isodual Lie algebra Ld = (€d)- wittr

basis Xd - -X and isodual commutators [loc'cit']

Ld : lxf ,xi]d=Xid xd xi - xl *d x!
= -(xi) x (-I) x (-Xi) - ?x) x (-/) x (&)

:C!: rd xf : -lx;,xi|: -C!ixn'
T*re isodual exponentiation is defined in terms of basis 13 [loc'cit']'

(14)
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edxu:y' +Xdldlld *Xd xd XdldZld f ...=

=(-0(l + X/ll*X x Xlzl+"') = -e-xo : -ex'
The (connecre.d) isodual Lie groups Cd ttoc. cit.l as characterized by the isodual

l-ie atgeUra .Ld (under the conventional integnbility conditions of .L into G) are given

by the-isoexponential terms for Hermitean generators X = Xl

6p : uu: fI"otxd,{xdx! - -flei,.* xx* : -IJt
1&

where **,: -w*g 11d are the isodttal parameters andwe have used the isoselfduality

of i.
It is evident that, for consistency, Gf characterizes tlrc isoilual transforms on

sd(rd,gtl,-RP)

til :{,Jd xd rd = -u', (17)

and that frie isodrnl group laws ate given by

ud(rt) xd udlr!; :udkDdt +0,,!),
Uu(0u):Id:-Diag(1,1,...,1). (18)

For additional aspects of the isodual Lie tbeory one may consult [5'12].

An isoduat symmstryis an invariance under anisodual group 6F. The fundamental

isodual symmeEies are:

- iso&nl rotations d(g);

- isoihnl Euclidean symmetry Ed(3) : dirl xo f (r);

- isodual Galilean sYmmetry Cd(:.t);

- isoilual larentz synwetry Ld(3.1);

- isoilual Poincard symmetry F(3'1) = Ld(3'l) xd t'(r't);
- isoilual spin symmerrY SUd(2);

- isoilual spinorial Poincar€ vmmetryfu,LLd(2.Cd) xd f 1s't1;

and others [loc.cil.J.
The isoilual Hitbert space ?ld is characterized by ttre:

lg)d:-(U'l @rd=-gt);
isodual inner Product -E='

(o I v)d: (o f x(/d-r)x I v) xd y'

= (s' I xy'x lo) x Id e C(cd,+, xd);

and i s o ilual normalization

(r I *(-r)x lv) : -I'

(ls)

(16)

isodual states

(20)

(21)
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The isodtnl expectation values of an oPerator Qd ar" given by

(80)o: (r I ,dQd*d l,!'tf W I x(-r)x I v)
: -(Q),

69

(22)

where (0) i. the conventional expectation value on a conventional Hilbert space 7{'

Simiiariy, the isodual eigenvalie equations for a Hermitean oPerator H : Hl are

given by

IIdxd I 9)o :.Edxd ; rF1d, (23)

where d : -8. One can therefore see that the isodual eigenvalues .d coincide with

the isodual expectation values of fId.
A property which is mathematically trivial, yet fundamental for the physical analysis

of this note is that the normalization on a Hilbert space is isoself&nl l5l,

(r Itz)d:(r I x(-I)x lr) x (-I)
. =(r I x(+I)x I r) * (+r; = (r I r). (24)

The above property characteiz.es a new invariance which has remained undelected

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) nd(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

isoduality (see [5]) of which we can only mention for brevity the isodual uniury law

IId xd 1ltd - Ufr xd IJd : id. (25)

Functional analysis also admits a simple, yet significant isoduality which wecannot

review for breviry [oc.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 trigonometic

functiLns 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 se4uential

generalizations catled isotopic, genotopic and hyperstructural which we cannot review

here for brevity [9,1lJ.

3. Isodual theory of antimatter

The central assumPtions of this note are [3]:

l\ maner is represented by conventional mathematics, including numbers, sPaces'

algebras, etc., based on the conventional positive unit +1; while

2\ antimaner is represented by the isodual mathematics of the preceding section,

including isodual numbers, isodual spaces, isodual algebras, etc., based on the

isodual unit -1.
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The above rcpresentations of matter and antimatter are then interconnected by the

isodual map (l) which is bi-injective and anti-isomorphic, as desired.

In this way, isoduality permits, apparently for the first time, a rePresentation of
anrimatter 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 con-

sequence is that all physical characteristics which are positive for matter become

negative for antimatter. Ttte above assumptions are applied to the charge g whose

change of sign in the transition from particles to antiparticles is re-interpreted as isodu-

ality, g - gd : -g. Jointly, however, isoduality requires that the mass of antiparticles

is negative, rnd : -rn, their energy is negative, f, : -8, etc. Finally, isoduality

reguires that antiparticles more backward in time, td : -t,as originally conceived [1].
One should note that the conventional positive values for particles n1, > O,.E > 0,

, > 0, etc., are referred to corresponding positive units, while the negative values for

antiparticles , rnd 10, Ed < 0, # < 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.
' Moreover, 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) refened to positive

unirs, but they behave in a fully physical way when refered to negative units 14,9).

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

s1td,"d,rd) : Ed(td,d) ,u Edlrd,d,rf ) *u Ed1rd,#,Rd1,

ud : ddrd /dddtd : -u,
with corresponding total 7-dimensional (dimensionless) unit

rd : lf xd rf xd rj,
ll: -t, I!: -Diag(I,1,1) =/d.

The fundamental dynamical equations are the kodual Newtonb equations first intro-

duced by the author in [ll].
*d xd odrrfTdodtd - {1td,rd,ud), k: x,u,{,2. (28)

It is easy to see that the above theory represents correctly all Newtonian Coulomb

interactions. In fact, the theory recovers lhe repulsive Coulomb force between two

charges Qt and 92 of equal sign of matter, F:k x gt x qzlrx r ) 0; itrecovers

the lepulsiv, filce between the corresponding "anti-charges", .1td : kd xd gf xd

qilo ra xd rd < 0 (because now the force is refened to the unit -1); and recovers

the attractive force between charges g and their conjugate gd when computed in our

(26)

(27)
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sDace, F:k xgx qdlrxr ( 0refenedtotheunit+1, orinisodualspace,

Fd : kd *o go *o qld rd xd rd > 0 referred to the unit -l'
Along ,irnit"r lines, it is easy to see that the above theory recovers the conventional

Newtonian gravitational attraction for matter-matter systemt' { : I x rU x m2f r x

r > 0; it fredicts gravitational attraction for antimatter-antimatter systems, F :
ni"il1 )a *trf ,i xd rd < 0;.and it predicts gravitational_ renul;i1n (antignvity)

ior maner-antimatter systems, F = gxmlx.mllr x r < 0 on S(t'r'u) orF:
gd *d *d, *d *z/d rd xd rd ) 0 on .9d(td,rd,ud)." 

Th" 
"6or" 

piedictions are confirmed at all subsequent classical levels' including the

representation of antimatter on isodual Riemannian spaces, which yields the charac-

terization of antigravity for matter-antimatter systemi via ttre reversal of the sign of

the curvature tensor (see [5,9] for brevity). In different terms, even thogh antimatter-

antimatter systems are attractive as the ordinary matter-matter ones' the gfavitational

fields of matter and of antimatter are differeni. Thus, gravity can tell whether it is

made uP of matter or antimatter.

The next level of study is that via the isodual analytic mechanics [11], which is char-

acterized by the isodual l-agrange eqwfiions(here omined for brevity), and the isodual

Hamilton equations in thelsodual Hamikonian Hd(td,ru,po): --[l(t,r,p) [11]

ddrkd - AdI/d .

dry-d 
: 

tri7y'' #.:-#u,
which are defined on isodual space Sd(td,rd,pd) with isodual unis (27), an pl :
nzd xd u[.

F4. (2b) are derivable from frrc isodual action

f;C . ddrkd - Hd xd ddtdl - -4,

where Io : -J is the isodual integral,with isodual Hamilton-Jacobi equationsflx.

cit.l

Ad Ad ld adtd + Hd = 0,

ddAd ld 6drdk - pt = 0.

{2e)

(30)nu: Iu

(31)

It is easy to see that the isodual analytic mechanics Preserves all elechomagnetic

and gravitational predictions of the isodual Newtonian theory.- 
rt'. operator fbrmulation is characterized by a new quantization for antimatter'

which is missing in current theories. It can be first expressed via the naive kodual

quantization llll
Ad -i xd hd xd lnd Ud1td,"d1, (32)

under which eqs. (31) are mapped into the isodtul Schrddinger eEntions llll

i xd hd *d OdVd ld 3drd : Hd xd Vd ,

pl *d itF : -ixd hd xd adg4 ladd rdk, (311
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with corresponding isodual Heisenherg equation [oc.cit'J

i xd ddQd ldddrd = Qd xd Hd - Hd xd Qd. (34)

The above naive derivation is confirmed by the novel isodual symplectic quantiza'

rion which is not reviewed here for brevity [loc.cit.].
Isodual techniques have therefore permined the identification of a hitherto unknown

image of quantum mechanics called by the author kodual quantum mechanics'whose

structure is characterized bY [5]:

1. Isodual fields of reat numbers .d(r,d, +d, xtl)

and complex numbers Cd1C,+d, xd).

2. Isodual carrier sPaces, e.g-, d(*,6d, Ed).

3. Isodual Hilbert sPace ?{d.

4. Isodual enveloping operator algebra (d.

5. Isodual symmetries realized via isodual unitary oPerators in7c, e'g', eq' (26)'

The fundamental notion of the theory is evidently given by the isodual Phnck

constant hd : -h, although referred to a negative unit -1, thus being equivalent to

h > 0 when referred to its positive unit +1.
It is evident that the *"p frorn 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) homomorphrcbecause

spaces are mapped into themielves. On the contrary, isodualitf is (bi-injective and)

inti-isomorphrc because spaces are mapped into new ones, the isodual spaces, which

are coexistent, yet physically distinct from conventional spaces. The latter occulrence

will soon appear crucial for the main results of this note'

Intriguingiy, isodual quantum meclwnics recovers lhe known electromtgnetic and

neok pirninotogy of aniiparticles [5,9], thus providing sufficjent credibility for further

studies. [n fact, the isoiual operator theory merely provides a re'interpretation of

existing phenomenological knowledge, as the reader is encouraged to verify, e'g', for

the quanrum Coulomb interactions.

It should also be noted that the above results are reached fot antiparticles in first

guantization, because second quantization is done for exactly the same reasons used

ior particle.T, no more and no iess, o*ing 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 ,t " 
special relativity called by this author the isodual spe-

cial relativiry [3,5,9J. The laner theory is based on the isodual Minkowski space
-y,1i1*a,rn,[a j *lit-Uusic isodual unit of space and time (also in dimensional form)

fd - -Diag(I,1,1,1,).
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The fundamental symmetry is the isodual Poincar6 symmetry tr(f.t): Ld(3.1)

xd f (3.1), with isodwl l-orentztransforms

( z'dl:zdl , tr'a : u@,

I r,fi-ra xd (rd] - fr *o roo),

Icda:ra xd (cd4 - ff *d rd3),

d :od/d"d :-9, F :ad xdadfd4 xd 
"d 

: -fr,
+ -- rld1l - fr\ulio : -t l0 - F\'r' : -.t, (3s)

where we have used properties (6).

It is instructive to verify that transforms (35) are the negative versions of the

conventional ransforms, thus confirming the isodual Lie theory [I2].
The applicability of the isodual special rclativity for the characterization of anti-

matter is established by the isoselfduality of the relativistic interval

[(", - *r)07^: [("f,, - *l x 1dt, x {"1" - $'71x tr

=r[!,:::),",p"@t 

- ri\x r
(36)

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

isodual numbers.

It is an instructive exercise for ttre interested reader to see ttrat tlre isodual sPecial

relativity recovers all known classical electromagnetic phenomenology for antiparti-

cles [5,9].
The isodual theory of antimatter sees is best expression at the level of isodual

relativistic quontum mechanics [5,9], which is given by a simple isoduality of the

conventional theory here omitted for brevity.

We merely point out lhat negative units and related isoduol theory aPpear in the

very structure of the conventional Dirac equation

{ x bp - e x Au(r,)1")+i x rn x [(r) : g,

(31)

In fact, the isodual unit of spin rd: -/r: -Diag(l,l) enters the very structure-of

1a, while the isodual Paiti matrices okd-= -r& ,nt., in the characterization of l.
The above occurrence implies the emergence of a novel interpretation of the conven-

tional Dirac equation based on the following total unit, total space and total symmetry

Irot: Uo* >< lrpi') x {/j,t *d J$ir},

Mr^: {M(r,rt,8) x Srpi"} x {Md{},qd,fiu) ,o 4rr},
sror: {sL(z.c\ x r(3.t)} x {stdQ.c; xd c1l.t)},

where forb : Diag(l,l,l,l) md l.pin : Diag(l,l).

,*: (-0,* "J) , 'Ya =i,.('d -t,)
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It should be indicated that the latter rc-interpretation (which has also escaped at-

tention thoughout this century) is necessary for consistency. ln fact,the conventional

gamtp natrices (371 are isoselfdwl. The conventional interpretation that the Poincar6

iy**"try P(3.1): SL(2.C)xT(3-l) is the symmetry of Dirac's T"ogl:' t::9: ::
inconsisiencies because P(l1) is not isoselfdual. only the product P(3.1)xPo(3.1)

is isoselfdual.
The above results Permit the following novel re-interpretation of eqs. (37)

, ,. =,(rd, f,) ,
(o 4
\o* o

(3e)

1r x lpr - e x A(x)lcl + i x rn x P(c) : o,

7x:

{lp,Lrl:2r1pv, fr = -7exi{r =t. (fd) '
where O(r) is now twodimensional.

Note tirat the above equations: riemove the need of second quantization, eliminate

the need of charge conjulation because the antiparticle is represented by od, Id, Qd,

, and restore the correct rep=resentation of spin I l2 via the conventi onal two-dimensional

regular representation of SU1Zi, rather than the culrent use of a four'dimensional y
representation.

We are now equipped to address the main objective of this note, a study of rfte

anti-hydrogen atonx and its spectroscopy.

Foi this-purpose we restrict our analysis to massive particles defined as irreducible

unitayepi"sentutions of the Poincar6 symmetry P(3.1)-This essentially restricts the

analysis to the electron e and the Proton p, both considered_as elementary, due to

cen;in ambiguities for composite hadrons indicated in Appendix A.

We then introduce the notion of massive isodual particles as ineducible unitary

representations of the isodual Poincard symmetry PdO.l). This again restricts the

anutyris to the isodual electron ed and isodual protonpd'

Ai this point we should indicate the differences between "antiparticles" and "isodual

particles". In first approximation, these two notions can be identified owing to the

Lquivalence of charge conjugation and isoduality. However, at a deeper inspection,

antiparticles and isoiual partictes result to be different on a number of grounds' such

AS:

1. Isoduality is broader than the PTC symmetry because, in addition to reversing

space-time.oor6n",.r , - "o = -r (FI) and coniuguting the charge q - gd :
jq (C), it also reverses the sign of the background units'

2. Antiparticles are defined in our own space-time, while isodual particles are defined

inanewspace_timewhichisphysicallydifferentthanourown.

3. Antiparticles have positive mass, energy, (magnitude of; spin, etc., and move

forward in time, *hile irodual particles have negative mass, energy, (magnitude
-bf 

spin, etc., and move baclotard in time'
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Next, we consider the bound stales of the above elementary Particles which are given

by the hydrogen arom A :.(p,e)eu, the isodual hydrogen aiom Ad - (pd,ed)pv, and

tt" poritoniim P : 1e,ed)qr,a 
I ("0,"),q r, where QM (IQM) stands for Quantum

Mechanics Qsodual Quantum Mechanics)'

It is evident that the hydrogen atom is characterized by the familiar Schrtidinger's

equation with Coulomb spectnrm E, on the Hilbert space ?{,

Hx liP\ : E"x li[l. (40)

The isodual hydrogen atom is then characterized by the isodual image on ?C,

.Hdxd lg)u :4*u I fu. (41)

The isodual theory therefore predicS that the ko&nl lryilrogen atom lus the sanu

spectrron of the ionventional oOrrr, ahhough with energy levels reversed in sign,

4:--En''"The positroniwn k an isoselfdual state, because evidently invariant under the in-

terchanles e- ed, ed - e. As such, it possesses a positive spectrum 4 in oy
space+ime and a negative spctrum when itudied in isodual space'{ime' In fact' the

total state of the positroniuin is given by lPo$ : te) x le)d with Schriidinger's

e{uation in our sPacedme (fi: 1)

ifif*l:(P*xpklz*)x le) x le)d

+le) x gt1, x pk /zm)u *u l")u + v(r) x le) x le)d

:frrlPos), E, > 0, $2\

with a conjugate expression in isodual space{ime'

As indiiated earlier, the isodual theory recovers the available information on elec-

tromagnetic (and weak) interactions of antiparticles. No aovelty is therefore expected

alongihese lines in regard to the antihydrogen atom and the positronium'

H-owever, the isodu-al Oreory has thi foliowing novel predictions for gravitational

interactions [6,9]:

Prediction I. Massive stable isodual particles and their bound states (such as ihe

isodual hydrogen atom) experience antigravity in the field of matter and ordinary

gravity in the field of antimatter.

prediction II. Bound states of massive stable particles and their isoduals (such as the

positronium) experience ordinary gravity in both fields of matter and antimatter'

We now remain with the central open problem nised in this note: Does antimaner

emit a new light differenr than that emitted by ordinary matter?

The answer provided by the isodual theory is in the affrrmative' Recall that the

photony emittea by the hydrogen atom has positiu-e.enflgY and time according to the

familiar plane-waves characterization on M(r,r1,B) with unit r : Diag(l,1,1,1)

P(t,r) : A xrix(Ixr-Exl) (43)
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appreciable electromagnetic origin, or it may imply the lack of physical validity of
the mathematical notion of isoduality.

Finally, additional studies are needed on the classical and quantum isotopic repre-

sentation of gravity and its isodual [9], because these srudies contain all the preceding

ones plus the inclusion of gravitation which is embedded in the unit for matter and in

the isodual unit for antimatter.

Preliminary (unpublished) studies have indicated that the latter approach confirms

the results of this note, while permitting further advances at the isooperator gnvita-

tional level, e.g., an axiomatically consistent formulation of the PTC theorem inclusive

of gravitation.
W" nnaty note that the possible lack of existence of antigravity for the isodual

photon will not invalidate the isodual theory, because it will only imply the isoselfdu-

ality of the photon, that is, the presence in the photon of both retarded and advanced

solutions, which would remain separated for massive particles. Thus, antigravity may

exist for massive particles rtithout necessarily existing for light.

Interested readers are encouraged to identify possible theoretical argqments against

antigravity for light emitted by antimafter, with the clear understanding that the final

ecientific resolution one way or the other can only be the experimental one.

Appendix A. Graritational 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 illustration is given by a necessary reformulation of contemporary quark theories.

ln fact, gravitation ii solely defined in our space-time, while quarks are solely defined

in the mathematical, unitary, intemal space, with no interconnection being possible

due to the O'Rafeirtaigh theorem'

It necessarily follows that a/l parricles mode up of quarlcs cannot have any gravi'

tation at all, which is grossly contrary to experimental evidence.

It should be indicated that O'Raifeartaigh's theorem has been superseded by graded

Lie algebras and related supersymmetries, in which case a connection between space-

time and internal symmetries is possible. However, the validity of such interconnection

would require the prior establishment of the physical validity of supersymmetries

and the existence of their predicted new particles. Irrespective of that, a correct

formulation of the gravity of quarks within this latter setting is faced with serious

technical problems and it has not been achieved until now, to our best knowledge.

The above conclusion is confirmed by the well known fact that quarks cannot

be characterized by irreducible representations of the Poincar€ 1roup, that is' quark

masses do not exist in our space{ime, tnd are mere parameters in unitary spaces'

Even assuming that the above fundamental problem is somewhat resolved via hith-

erto unknown manipulations, additional equally fundamental problems exist in the
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construction of a quark theory of antimatter, because it does not yield in general an

antiisomorphic image of the phenomenology of matter.

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

iDIe doubts.
The only resolution of the cunent scientific impass known to this author is that

advocated since 1981, quarks cannot be elementary particles [I4], as apparently con-

firmed by recent experiments at Fermilab [15].
In fact, the compositeness of quarks would permit their constmction as suitable

bound states of physical massive paaicles existing in our space-time, in which case

(only) there would be the regaining of the physical behavior under gravity.
The following aspectsshould however be'clearly stated to separate science from

fiction. First, ttre above new generation of quark ttreories requires the abandonment

of the conventional Poincar6 symmetry P(3.1) in favor of a nonlinear, nonlocal-

integral and non-canonical generalization, e.g., the isoPoincar6-symmetry F(l.t)=
P(3.1) t161. In fact, a consistent constnrction of composite quarks inside hadron
requires the necessary alteration of the intrinsic characteristics of ordinary particles

which is prohibited by P(3.1) but is rather natural for F (g.t) [6] and related method-

ology [5J.
The use of the g-, lc- and quantum deformations should be excluded because they

are 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

measurements;

2) Lack of preservation of Hermiticity in time with consequential lack of observ-

ables;

3) Lack of invariant special functions (because, e.9., the number g 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 [4]. This new perspective removes altogether the

need for confinement. 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 [6].
The Iatter particles become conceivable as constituents because of the novel renor-

malizations of their intrinsic characteristics which are permitted by internal non-

Lagrangian and non-Hamiltonian effects.

Third, the primary physical meaning of unitary theories and related methodologies

(Poincard symmetry, SU(3) symmetry, relativistic quanfum mechanics, etc.) is their
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historical one: having achieved the final classification of hadrons into families and the

final understanding of the related exterior phenomenology'

In much of the way as it occuned for the atoms in ttre transition from the Mendeleev

classificarton into famities to ttre difrerent problem of fhe 
-stmcture 

of the indi-

viaua-l atoms, the transition from the unitary classification of hadrons into families

to the different problem of the structurc of ttre individual hadrons, is expecFd to

require a nonliniar, nonlocal-integral and nonpotential-non-Hamiltonian generaliza-

tion of relativistic quantum mechanics, e.g., of the isotopic axion-preserving type of

refs. [5,14,16].
We should not forget that hadrons aIe Dot ideal spheres with points in Otem, but are

instead some of the densest objects measured in laboratory by mankind in which the

constituent is in a state of total mutual Penetradon of the wavepackets. It is an easy

prediction that, even though of clear preliminary physical ,4u., the use for the latter

conditions of theories which are linear, localdifferential and Lagrangian-H

The author would be grateful to colleagues who care to bring to his attention airy

credible alternative to thi above lines [5,14], that is, a new theory with cornposite

quarks which:

l) admits physical constituents unambiguously defined in our space+ime;

2) represents without ambiguities ttre gravitational behavior of matter and antimatter;

and

3) is based on the exact validity of the Poincar{-symmetry, quantum mechanics and

all that.
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