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: . Summary:

Based:on rigorous. results:derived from Gentile statistics we present.a convincing, i)roof of.

quark. conﬁnément i hadrons Color: va.riable is takeri as.a. dynamica,lr va;riable of. S-Quarks :

system.. The: :epresenta.nons of gent1homc eiements of .AS(B] are: gwen i two confexts:

uccupa.mon number color space and symplectxc space. A general method of obta.lmng new -

repleaentatmns of S(N 3 is gwen im0 detzuls Some dra.wbacl\s of, QFT a.nd Parastatistics
are pomt:ed oufy a.nd possxble solutmns for these puzzles are. suggested Some a.naloole:,
besween physmal optics and: pa.rtxcle physu:s are also:-given.. Fmallv the possibility” of

apply—mg .us.ua.l-:Dr_e]l—_Ya.u_ moci‘_els:,_to: qu_ark—quark' hadron interactions is -_d1scusse.d.

November/1992'..

1. INTRGDUCTION

In the last few yearsu#‘;) we have developed, within the framework of unrelativistic
quantum mechanics, the concept of general statistics; first introduced by Gentile in the
10°s{5-8) Besides the two.usual Bose and Fermi statistics, we have considered she possibil--

ity of Geritile statistics being applicable to.some kinds of:systems.. Since.the beginning we.

were aware of the difﬁculties-wg.wopld, have to encounter m .ada.ptihg-.the.se. ﬁ;éw. c_on_ceﬁ.t.é; .
to kno_wn;physi@l systems. In the éas_e of elementary particles, the exhaustive analysis
carried ‘out. since: G:eenberg and; NIessm.h s set-of papers(g IU} has led to the inescapable
canclusmn of the: non—obervabxlzty of pa.rtlcles whmh Were: ne1ther bosons: or: fermlons On '
the other hand durmg the, last :hree decades ‘the qua:ric model of strongly interacting .
parmcles has. grew . in, xmpor:ta.nce'and .-by. now, seerns: to-,be the most. important candidate.

to expla.m the known properties, of hadrons But, in.spite. of the great successes exhiB—_

ited bv the standard’ model (SU(S)WM X S .(2)1, x. U (l)y), in-accounting for almost all

known zmd vn-cua.lly. doable panncle physics, some;fuudamental-: problems mherem; to the

model remain unsolved: the sta.txshcai problem, the qua.rk conﬁnemenc the coa.iescence'
of ha,dzom. and 50 0D Genera.lly speakmg, the dynam:cs governing the behavior of quarks
and D‘luons- inside hadrons is poorly understood. We have some_good quantitative results

such as the energy evolutmn of cross sections. for deep- melasmc scar.termg, for electron:

. posiiron annihilation, for the production of massive lepton pa.irs and other processes. But,

when we deal with transitions of quarks and gluons. to hadron states and with processes
which involve low transverse ﬁmm_euca, we met signiﬁcaﬁt difficulties. Useless,to mention
is. the fundamental problem of quark coﬁﬁnemeﬁn. To remedy the situasion, theorists have
resorted to phenomenologicﬂ:consaructions- which. do not follow directly from the funda-.
mientals of QFT, such as QCD: ‘f-‘or_ these. reasons, methods basgc_i.qn_.chg- fundamentals of

QFT rate highly in importance,




' Sincé Gennle 5 nheozv is not. yev:.a QFT, it is not our-intention, in this paper, 1o give
- complete ADSWerS. t.o these very d]fﬁcult pmblems Here, we shaIl be mainly concerned with

.uhe pOSSibllﬁ‘.y of ascr:b:ng to: quarks the propermes derl'ved from Genmie s statisties ap-

T phed to coiot! vana.bles \(evertheless untli Tow; We have developed the theory in a rigorous

. ‘rat}uon In our works quor.ed above it was- assumed the. prmc1ple of indistinguishability,

. 1equ1r1nﬂ' chat Hzlbert space vectors: dlﬁ'ermg onlv by a permutation of particles rep1 esent

“tlé same physmal sta.te -:hus‘ .evew-.physmal.state'zs & bams for a representation of the per-

" ‘mutation: g):oup an TSt consequently, belong to one 1rreduc1ble subspace of the Hilbert
._spa.ce It is. worthwinle 10 mentmn that for I\* 3 Wh.].(:h Is: the relevant case in quark
» 'theory there is.a ’X" 1rreduc1ble representatmn nagied Gen['.lle representatlon In this
worl‘, follomng, Lhe standa.rci trea.tment(ll) of .!V pattlcle systents in qudm:um mechanics,
Ies us: denote by C‘H f.he fuLl svmmet.rv ﬂroup assocmhed WJth the hamiltonian H of the
N pa.r.r.lcles Henices. the: permutation group: S'(N) of’ order \‘ !"is properly a subgroup. of
. GH It is-also. convenient-to. write: Gri= G’ S(‘N.-).- wh‘ere‘- Gy . is-the subgroup of G‘_.r;
| not 1molvm° permutatlons \ow due to the 1rreduc1b1ht3, of each representa,mon of S{V)Y,
- every correspondmg subspace of the' Hlibert space must be sta.ble under the opera.nons of
G “This is. accomplxshe'd‘:xfia]l elements.of Gy commute with the permutations. With
this restriction, tH‘e fﬁn-: 's'vmﬁietry.; group: of.:_H' ."can- new;- be: written as the direcs product
Gy = G e SUATY. In geomeunca.! la.nguage r.hxs assumptlon amounts to say that there ex-
ists A tnv;ahsanon of the covermg( 12) Tins mode of consxdermg the full symmetry group
acting on the space, spm and flavor coo’rchnates_ is far from being trivial, The fact that the
elememe of G’H.. c'e1.mnur,e'.witﬁ alfpe‘rmut_ati_cms restricts. their form considerably. Thus. for
in‘teraetion .t.en'ns, like the_coulombia..u,- which remain invarianﬁ only if the coordir;ates of
_ each perticle_ aze.cllanéed-.in the-same wa.y, Gy automatically commates with the permut.ak

tiont group-and’the Pauli principle plays no role. However, this is not a general situation.

For hamiltonians with interaction termis eriabling each particle to move independently of
the others, the Pauli principle becomes essential in aveiding the possibility. of elements of
Gy, mapping other states onto totelly.antisymme.tric ones. But the quark standard madel
for hadrons takes into .account. these possibilities and assumes aleo for color .v_ariables the
antisymmetriza,tien of the state vector. _At this ﬁoint‘ it 1s important to note that no rigor-

ous theoretical demonstr_at.ion:of.the_.couﬁnementi_hypothesishas-yet been given by QCD,

but it is believed.: thdt"-th_e nece'ss_ajry__'elements are a.lrea.dy,.eon.tained in-QCD. It is widely

held(13) that color degree of-.freedom_ is:the enly‘respbnSible_for qua;ric conﬁnerﬁent. On
the other hand.if color is taken as a smgie tabel for: qua.rks the antisymmetry of the state .
vector alone does not a.llow one Lo assess. conﬁnemem But this is not our pesition in the
present work A complete descrsptlon of a qua.ntum state needs the spec1ﬁcat10n of a great
set of dvnammal vana,bles like posmon, a.ngula.r moment.um spm1 la,bel et Truiy speak-
ing, ina complete axiomatic theorv the number of dynarmcal va.nables due: to. Godel s
theorem. amounts to infinity. 'In our approach, CO]._DI“IS cons1dereci as a.dyna.mmal .vanable,
arising frér_n_ r.-he.algebre:AS(Sl c.ieri'ved:fmm- the pe.r:_m..{te.tioﬁ group S{athlchrepresean
the eﬁ'eet of indistinguishability. .Then-,,.when we speak:about: Qﬁai'ks,._we hyﬁo_theeize three
color fields with non-zero color: triahlit'y.. When .we bu'.ild-np-.ha.drons:l beryone and mesons,

we must construct. particles of zero color triality. So, we must take combinations like
7% (1) g {2)

where the ¢'2 are the usual individual quark states and the color indices a; 4, and ~ each

have only three possible values, 1o get mesons, or like

9oil)g8(2) 4, (3)

to get baryons. In the sequel, a possible construction of these states according io-gentilionic
theory, will be shown. without imposing “ab initio” the antisymmetry represented by
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(14
she tensor B {14

. Introducing this antisymimetric tensor, we agree.that starting from
_ she-colored quark hypothesis, the- Pauli- principle requirements can be met both for spin
aquarks. as. well hadron spectroscopy but:we can. not agree that.quark confinement is not
nqconditional aud that.in principie- qﬁa:ks. can be freed if the hadr_dﬁs acquire a sufficiently
High energy. For ns. zhe.se conclusions a:re; the result-of an:underestimation of the essential
_dyaaﬂlical.rolé played by color in the description of hadrogic.struéture. Also, we impose
a slight ﬁo&ﬁmtiqﬂ. 131 thg notation.-to S.hm;\', in a more consi_s._tenc_ way, the analogies
em.ris_ag_ed'.l In"Se:c.tioni_?7 we construct: the décgﬁation nurnber. space:fér the 3-particles
system-,.a.naﬁlysing the effect of the color Casimir opérat‘or H {Igi] on the-color conservagion, a
very spnong_ggsult_which assures qua.r.k. confinement.. The detailed picture.of the occupation
number space. 4;-1]_{0“(5 s to -think about the origin_ of .enly two, statistics. for: ob.sea_:_vables
particles: bosons @d fermions. .It is fea.sqnabie- to. suppose ﬁha.tz,the symmetry. imposed
by t_he.inciistinguishability principle _does.-.ﬁbn: depend. on t-h§ particylar déscrif:uion of a
physicaﬁir,syst.fé.m: and thus, this desc:iptior_l can. _bez,ciassic.al or qua.nta.l __01_1 the other, hand,
" many yea).:_sz ago@‘?)f,.Sghﬁnbe:g:;_hag. shown: iglia._t:‘_th.ga boson: and: hg;-_fr‘:nﬁidrz aiggbfas_.c_)f ‘the
qzez.u;ien and: ar_].t_;jh_jlatibl_lab;@é;ﬂtqrs: _ha.;re; t;lit:e,'sa._l_ne- structures. off'- th'é;_ c_.cll_rr_x_mut'a.ti\.z_e{_and anti-
commutative: Grassmanajgebra,s S_jr;eé.r:cgg:.:y.g b:qs_p.n_,; .algebfa,._ieatis.-_to. o sffmp_lectic. algebra
and every: _férmion_a_lgeb_ra.- le_ac.lg-_to-..a;,LCi_if'fqrd-:_a._lgge_bra-, it ié,nat.ural’ to- expect. that some
properties. of. éuanﬁum.. algebras c@ _be.z_infem.ad: from: their-classical _cciu_nteriqa_zts. This is

indeed so: In their generalization.of the:Penrose: twistor: theory to 2 Clifford a,lgeb_ra_( 16),

Bohrn and. Hiley. have stressed-the. p.ossibility.. of! ixﬁp_psiiig_ a fixed helicity at-every spatial

poing. 'We; in Section:2; follow anidentical reasoning.. There, we show that some kind of
helicity is broken: when gentileons. are created:in the occupasion mimber. color space. The

same. does: not: oceur for: bosons and fermions.. Their helicities are kept unchanged during

she creation: process: All these considerations, refer. to. color. variables, without imposing .

o

any restriction on spin variables. Constructing the state vectors explicitely, we show the

respectives helicities. We also discuss the .choice of two generatofs of SU(3) made by Gell-

Marn and compare them with the two generators of §®). An interesting analogy between..
color variables and physical optics is given.

In-Section 3, we give the representa,_tipn of S® in symplectic space.- After an explicit
calculation. we show how it is possible to interpret, in the symplectic context, the removal
of _aege11e1'_acies. of the intermediate {gentilionic) representation of @A genera.liza,tion;
for o£her symniecr-jr groups is given.

Finally, in Section 4, which can be con;sidered as the core of the present paper, SOme very
sound questlions are discussed. We anaiyse soﬁe aspects of the two usual alternatives used
in lLigh energy physics: QCD and Parastatistics. It becomes. clear that Gentile statistics.
offers a new po_séibiiity in constructing a more satisfactory theory for hadrons.
| Some new and exciting -suggéstions are given toward. the elaboration. of genf.i_lionic
quant.uni field theory. Of course, there: is much work to be. done in pu_rsuiﬁg s_uch.lin_és of

reasoning:.




2. GEN.TI:LIONIC STATES AND THE CONSERVATION OF COLOR

Let us: con51der a: baryon composed of three identical quarks Associated with the
. _permutahon group S{a) it'is p0531ble to.consider the permutation algebra 4.5®), Since the
elements of .AS 3) commute w1th the Lhamiltonian. of the 3-particles system, they can be
: :aLen as beiongmg to: the: operator algebra. of quantum mechanics. We have also shown(%)

that tI:us operator a.lgebra -when: represented by. 2 ><2 matnces :has only one mva,mant which

B ] has-beeu' ca.]led the-color Ca.slmu operatoz- K'(z-'u By--usmg appropriate symmetr.y adapted

' _Lets in: the- carrier- spa.ce of: representa.tlon(H) 1t. was shown that K(ﬂ) has eigenvahie
zero.. A simplé, geometncal 1mage(4) shows t.ha.t it is. possable to. 1nterpret this result as a

vectona.l consez:va.uon Ia.w

R B'é' AR a)

where these symbols: _a.fé.a.ttached.to the u'sual red; blue and: green colors:. A-very _prei:ise_

| meaning can be"giire'nw'to this vect.oria.l*law-'- In the introduction, we have said that color is
not a smgle Iabel The: vectonal character:of.color expressed by KB Iy , }, imposes the existence
: of & plane where: (1) is: sat!sﬁed Sifice the: onentatlon of thls pla.ne is not totally arbltrary
_ because_.- we: have 6 color configurations. dictated by: 5 :t-:s,o_asy to-imagine t_he_mtenor
color space.as being tha_i; of color occu.pa.r.ion. number spa;ce‘ Later on, we will identifsr this
s}pacé in the context of..symoie(;.ti'c geometry. .O_n, the o'th.er hand, -the plane fixed by (1)
reminds us closely. the usual interpretation.of s.ta['.esfa and 8 of mixed symmetries used in
- several c'ontoxts-like'nuclea;n otates. classification and SU(3) states classification(17-18),
A long time ag.o(lg’_zp)-} Schénberg has.shown that the second quantization methods
Va.re a-general'mathematical technique applicable to formalisms involving linea.r_equations of
change; differential with: respect to.the time:variable: In this.manner, the ordinary second
" quantization formalism for systems.of bo.sons ‘0r ferroions, and.the “second quantization”

of the classical theory developed by him are obtained as particular cases of the general

methods. Also, there are several ways of applying the second quantization methods to
the same linear problem, which lead to different. formalisms. Thus, second- quantization
methods are independens of the quantur descript-ion.of a system. But we can apply them
to wave mechanics without resorting to the specific differertial structure in study. of
course, Schrodinger equotion can be an'orena.for such a discussion. As a consequence of
the above statements. we can construct -for the. color dynamical variables, an occupation
number color space, with the following conditions: We' ﬁ'x‘thr__ee axis with unit versors ,;
and: k, corresponding to.hhe_three:bosic ‘colors.red, biue and.green. On:each axis. of the
occupation nomber:oolo;:. space;. a-color-creation: operator. means ane step ._in__the positive

sense;, whereas.aim; anmh:la.uon opera.t.or & step. n: the nega.hve sense: Iu th1s space, the

plane, deﬁned by (1) S orthogonal to: tlie fermmmc state vector whlc.h when convemently
understood; is Ldentlﬁed 40: the gentxhomc w;.th all colors dlstmct seate VECEOT In terms

of these vectors,: the-,Ca'su_m.r;:_coior,operat.or;.ca,n._ be written as. .

impkngAne=3c o ()

whichis the plané equation, with éach n meaning an"occupation number: Tn-terms of the

unit vectors, {2) beeomes: : o
Fesi4skzs o 0 )

whe.oe Fi io a unit. vector ortﬁogonal to plane .(2). it is also oeen- that all ajlowaolo st.o.t.e.s for -
3 par mcles can be pmtuxed on the sxdes of the triangle fou:ned by the mtersectwns of plane
(2} with the coordmai:es pianes Thus r.he choide of this piane is not only a_convenient
way to. ciassxfy _t_h'e statesy but is also very lmpor:__l:a.nt for: the_-lnterp:ena.mon-of the;CasumrI-.
color operator. Now, we.raake explicit tﬁe_cons'truétion of tﬁe: sevémi.statos,_ soartingji.'rom; -
the fermionic ones: - | | 7

a) Fennion.ic staté:s_ . _ .

1) ahab a5 6(0,0,0) = ahah 6(0:0.1) = ah 6(0,1.1) = ${1.1,1)

§




2)ah.ahal; 0(0,0,0) = —ahah al @ (0,005 = —6 (1, 1,1) '
| 3)aRaGaB§D(_0 15 0) —aRaBana({} 0 ) _—gb (1,1,%)

4) alabal 6(0,0,0) = -E-aRaBaGdS(O 0, 0) +:D(1 1,1}
Garls MU _

5} alyabal 6(0,0,09 -,fqﬁ.ngdg(0-_;_:_0--,-:_(_;_;); Foll,1,1).

.-—@(1 1)

where:thé"a?'s are: creamou operacors a.cmng n.,the va.cuum  state: QD(U 0, 0) The respectwe.

) _amphl:ude p:oba.b].hnes are:the: Ia.st terms Smce all colors are: chst.mct 0o rhixed: sym-
metries: a.ppea.r, bun two hehmties for the color vanables are ma.mfest Thus, amphtudes

correspondmg o processes 1), 4) a.nd 5) appea.r mth + sign,. wherea:a a.mphtudes corre:

: spond.mg to: proc&sses 2}, :) a.nd. 6} appea.r w:tlr

bk

r,he mght. onenta.non: (hehclty} and t‘he

-wmte che total: a.mphtude of pl:oba.bxht.y of the fermlon, sta.te as:
_ mmmiﬁ;ﬂ, G) = (.if.JE),[@mw(.&,-.a;g).:- m_t_(R,B,.G)]-- :

clearly. showing: the: two: possxhlhtles for; fermionic: helicities for color variables. Clearly

speaking,i__the:;g.;is,_a,:.'i:epet.itipn;oﬂ.phe;usua.}c;:' ; ;;.wi_t]i:._t‘m,;lha@n_clgdness. Nevertheless, some
additionalicares must: be:ta_,kgn_sinc'e: we: Calinol: guarantee color: conservation for fermionic

colored: particles since: this irfeducibl&.tepfesématidu’--of S is.subject to Pa.uli Principle:

’ Always AIk a.d hog” proposm.on IS needed-to a.ss:.ue colorlessness Even the possibility. of . g

choosmg a preferred orientation-is th.eoret.xca.lly ruled out, but this difficulty is also. found'

r_when;..de_a.h_.ng.-_\thhx gent:leons. It ma.y_'_ be that:the: _deepe.st reasorr. of this uncertainty: is -

found: - Godel’s theorem. - The a,lgebrai'(;‘ structure with which-is endoved the quantum

dperatOIS'ié'. isomorphi_c to the arithmetic s&emé.studyied_by—@ﬁdd— and this circumstance

leads: to- undec1dable propos:txons But-'ch.is-reééa.rch. 18 outsiderthe scope of the present

: work These quesmons are: been: answered ina forthcommg, paper( 21),

9 .

; _gn...Assunung*that the (+) sign defines.

'gu deﬁnes Eefir onentat).on (helicity); we-can

b) Gentilionic states

To-construet the probability; amplitudes; we start from: the vacuum ¢(0,0,0) and first

apply onered creation: operator:

o $(0,0,0):= $(1,0,05 " " .
then; a second. red dpe;ator-- o .
© ahahe(0,0,0,).= $(2,0,0)

Finally, a blue.\-opera.tor, '

1) aBaRaR@(O 0;0)= (p() 1 0)
Pel.mutmg the colots we: get

2) aR aB aR q‘J(O 0,0)= —q)(Z 1, 0)
and: -

- 3).ahahab a(0:0; 0)= 62:1,0)- | | |

It is easy to see that: in the pla.ne (R B), the amphtudes 1) a,nd 3) have -well deﬁned:'

hellc:ltles, whereas 2); shows a:broken, hehcnty When we a.dd 1), 2) a.nd 3) to: get the partial

probability- amphtude, and: 1epea.t the same: pmcedure for the t.wo rema.mmg coordma.tes

planes, we arnve at a.result similar to the fermionic case, with the excepnon of the presence

of & termy corresponding to, ml\ed symumetries:
b6 = 1/V9 [Prighs + PLes — Phixed]

where the color.indices.were. ommited.

¢) Bosonic states
Here, the resuit is trivial and the resulting probability amplitude is the same found in the.
literature.

Now, we. are able to establish a connection between the two groups: 5% and SU®),
If we define a pair. of orthogonal basic vectors 75 .and 7 o the. gentilionic: plane by the

10-




equations .

7y = ‘?"5;‘25 + k)
N )
Ry = (- )

" we can easily establish a-coirespondence with the two generators of SUﬁi{;r group, T5 and

¥

1
|5

m‘a' :

{5)
=7

ol
|* .

wl-_—'

complemng, the connection benween the common parts of the groups: It must be emphasized

that SU(3}C°1°1. 5.8 non—relaf.zmstlc oroup a.ttached to e»ery' pomt n space time. 1t has 8.

generators w]:nch ha.ve been 1dent1ﬁed with 8 gluons fields., We- also know that bv Schur’s

Lermma, every permutatlon group admits a unitary rep1esenta.t10n ‘But this repxesenta.tlon

is. not. unique! For mstance, 8(3} adpits an 1rreduc1b1e non-unitary representation non

. equivalent. to-the umta.ry.representa.tlon., Since S®) has. only two generators. they can be
" {densified in. a- saraaghtforward way, with-the 2 preferred -generators of SUS). chosen by
Geil'rMa'ann".zof.ma*k'es a:classification of the.pa.rticlé—spéctra, of hadrons. But S®has: only
tWo: generators a.nd we s ueed interpret them as gluons fields.. This is easy if we admit that
each gluon: carries ‘a color: and an- anti- colm which: are constamh exchanged among the

. quarks; always _ob_eymg the conservation law_lmposed_' by K ([ii])

Cabdba = -1
"As.a.no.the_:r. .ix_nplica.tion'_ of Gentile statistics, we have
@'(_3,0.,0) = 6(0,3,0) = 2{0,0.3) = 0

[2,1}

: mdependem‘.h of the vacuum state. This.occurs as a consequence of the action of K ’{2 W

R4-B4+G =

11

since, to have the vectorial equality, we need 3 or 2 vectors:

W+ B=0

‘when E = G. But'if wehave B = B = Giwe get

3R=0

and this- implies. B:= {. and. we have.not spin color: Without this degree of freedom;, the

systemn becomes purely:bosonic:. This reasoning also applies:to.mesonic states

auy
If
)

R4

and suggests an explanation of the non-observability of isolated qiiarks. One.isolated quark
would lead to a violation 'of,__the-,conéeryatioﬁ_'law_imp_osedr by K (lzij) :

To show. Liow:a.color gluonis build up.iﬁ:our;}:heory,;let-us:exa.miqg'the_::.fqllowing figure

p

FLG.1




Where§ =0 — 8 = apay, and [Tl = /3 K. showing the continuous change of colors. where (g, yo) ave the respective amplitude, w is the angular frequency atid (e, 3) are phase
To end this section we should like to illustrate, in a beausiful manner. the analogy differences. From P to P’ there is a phase difference given by
besween .the. color t—ria.rigie of physical optics and the quantum mechanical interpretation

1" = zq sin(wt + a + §) = —xp sinf{wt + a)

of the.operator, Ix(z e Lez s sketch the three colored qualks at the. vertices of the triangle

. R v oN o . o
tn-the-plane:(z, y} Calling & + ¢ = o', we get, § =

When only P" is vibrating, we compose the oscillations on z, from P to P/, and we get

A =2z, c_os.(.{]_{;.a)—-?% COS (2) =0

where 4 is the total amplitude of oscillation..

2} Now, we are able to estab_lish,fhe-.amp_li_tude_ of the triangular vibrations {baryons).

We assume. three plane oscillations;: -

\ .—-'. o . 42 ( 10‘)' -4 Z Tog Lo $in® (%(a; ~ aj)).'
FGEPM Y : ) - i o S e H | 3 _

(dl - ﬂé)

_ . 2 : B
= (“"f'oa-._'i'-'moz:.‘l' Zoa) —4 {1',01:3‘92 :Slﬂz

- C ’ T (04 C23)
L EBL@.2. . _ o + oy o3 sin? — )+102 Tos: sin? e

2 (G2~ ‘leJ}
If we want 4 = 0 (whité lig_h_t) we. remember that Tor = Tay = %oz = To {which is

in physical optxcs;._the_ 3 funda.mencal‘_t_:olors are a:bmraa:lly chosen to. give the.white at imposed by the principle of in distinguishability) and we-arrive at

‘the:centre oft the color triangle: In. the ofennhomc triangle depicted above irk the. ot_cupa.non.

numbeJ. color: space .the same s:tuataon is found a.ga.m “the. system composed of thlee. ‘ : : ¢ =9 ;,;3 _-4.33 {sin—? (ar—:ftﬂ

colors: remains. colorless. Now, th1s color system assocta.ted with 2 hadlon leacls to the

. aj — @3 Ca{ap—as) .
)) . + sin® ( '_) j + 511'1% 2 5 3) B
mescapabla com,lumon of colo:lessness Len us: show how this occura(““ . : _ . -2 2

11, The vibrations are decomposed on—..ea.ch coordinate axi_s-.- ' . o . :
o o : . o On the other hand, the conservation color Casimir K| (2.1) requires. that:

&‘
I

Zosin (wt + )
’ : Gy — Oy = @1 — Gz = Qg — Oy

e
I

yb‘sin(wf:-{- 8)-
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. 3. . sy —ua o .
{eading to i~ sin” (1*)32 This last equality amounts to say that

]

2T

Xy — 0 _:_E“ c.q.d.

In.che mesonic case; the exact composition is given by

{a—a')

3.

A= 224.co8.

and, when we. ha_.ve o' ='a+ 7, the polarization of the meson:becomes manifest, with.

-
[

g _sin(cyi'+ )

&

= apsin(wt + o k1)

and the- oscillations are conjugate:. In 'genérai_l,’ the phase difference is given by o - o =
(2 + 1) 7, with m. integer. For the:space variatior, kz{ki= wave vector), we have -
A=@m+Dr

A ‘
¥ 7 'where Aiis the wa.velenght

Summa.nszng these results, we get:

‘t):Barvon. -

11); Més_on-_
A=R+R=0 (Whitej
i) Individual: quark
_ A#£0 (always colored or polarized)

It .is clear that if the direction and the-ratio of the axes:of ‘elliptical vibrations are

contimiosly changed, every variation will have the. effect of changing the corresponding.
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wavelenght. In our quantum mechanical interpretation of color, the same interpretation
occurs: gluons are continuosly exchanged.
‘Many years a,go(-‘g} »Landau has stressed the. importanee of ;establishing. new connec-

tions among several non-related branches.of physical theories:: Indeed, for him, the task of

-theoretical phiysics would exactly be this ordering of new uncorrelated phenomena. In this

section, we think we have beer partially successful in this Job, when re-establishing and old
bridge between physical opti¢s and wa,vé-me#hémicg. But. this.can not be taken as a surprise,
since we have»beeﬁ-worki_ngr_';wit'h._-the-.p.ei‘mut.ation.group amathematical structure which
is permeating. the most scattered: ﬁelds of research An: physu:s and mathematics(24). As

examples, we quate Hopf a.lgebra,, qua.ntum groups, Lkniot: theory topology: of:3- manifolds

and, in specnal dyna.xmcs of strong mtera.ci:m 15
But sorne fundamenta.l quest.lons remaif, una,nswered If: color 18 ta.ken as.a: dynamical

variable-of t:he system: there would ‘be: assocm.ted to lt B ca.nomca.l vama.ble, a.ccordmg

to.the rules of: hamx[toman mechamcs Wha.t kmd of va.na,ble must. be mtroduce 1

in’an
ambwuous question? ‘First of all we must: ﬁx the physncal dlmensmns of color If we t.ry to
choose . energy asl fundamental ~the: ca.rmmca.l conjugate’ va.na.ble must ha.ve dxmensmns of
time. Taking into: account our results on: conﬁ.uement we:! prefer to consider the- Prlnmple

of Comp!ememantv as the. respons1ble for the most plausible explanation: of .conjugation

“of variables. From a holistic point of view, ther._e-_:s.comp;e:mgntarity'_:_bet.ew_egn._dynamics

and geometry, preventing thus, a complete. deséription of the:system. Tothis point we will |

return in another paper{ 21},
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3. THE 5(3) ALGEBRA AS A SYMPLECTIC SPACE

A's. we have: .seen.._t-he S(3) algeb.j;:a‘./l 58 has two generators (e, b} and is of order 6.
: E‘rom an ajgebra.m—geometnc point:of v1ew, the vectars of A5 belongmg to-the irreducible
' mtermedmﬁe genmhomc representatmn span a four—d:mensmnal \ector space V* defined
" over.a. neld F2 ofi cha.ractensuc 2. Let-us- deﬁne over; V* a skew- svmmetncal bilinear form
glz; y) w:th the: followmg properhes. ] .
1 g2 +2) = a(e,u) 4 el )

2.)-_;4(@-;1;1% z)= g5 z) -'+- oz

3) gl Y= Q(:c, ay) = aq(w vl
4) a(z,z) = 0

whete :c,y, z E V“ a.nd aE Fz W1th these deﬁmtmns{ g 26} L We have endowed V1 w:bh.

a svmplectm stmcture If we. deﬁne a basis: of V‘l
K4 =y, T2, T3, T4}

a connecl:mn wﬂ:h. the 1rreduc1b1e ("><2} ma.tnx representatmn of S(a) is estabhshed The
(‘?x2) matnces can: be: wntten i terms of a smta.ble ba515 of four (2><‘7) ma.tnces using
. Pa.uh ma.tnces @i and. tb.e u.mt I mal:ruc Wlth thls chcuce the elemem:s of 5(3’ are written

m'-..;:f_i..:_ e
Tp-= _§+u?02
=L i,
7?4:.= a3

17

The basis matrices are related to X4 by

where we have changed from a hyperhelic basis ¥y 4 to a.symplectic basis X 4: In general,
& rearrangement of the basis.vecters changes one basis into. another. This is a common
feature of all nonnull symplectic. spacest27). This property can become very important
. . ; . S ) hn W
for gentileons, It can tell us something ahout réarranging | .. O where
: ' o ' NN R T ¥

. , a7
has mixed symmetries and |

20tt172). From the symplectic peint of view, gentileons
D Ys i '

are really hybrids and the corr_ésponde_nce:_be;w_een two. bases, are given by:

Hygﬁr_bolic.basi_si . Symplectic basis

. 'The field F; is defined by: the tables-

+1ol1l x |01
oot ololo
ST Lo ' 101

where2 =10 characteristic 2J. ._
Using these notations, the elements n; become
7 =22 = (2,0,0,0)"
m=ly+laey= (l, 1.0.0) :
s =le —1ay ={1,-1.0,0)
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714 2z, =0, U 0.2)
M =1loy—1z, =_(0,U.,0,_—1)

M6 =123 — lzg = (0,0,0,-1,~1)
Retﬁirﬁng‘;;_té_--_the_rskew.-.'sym_metricai Bi.].inear form g¢(z, ) - -

q(:l:,y) = (ah.aﬂraésa}i).'. :

= ayfy— azﬂl'iﬁ" 0?.3‘134'— Gf4ﬂ3. -

in the hyperbolnc ba.sm The same= result.“ iss faund in the symplect:c basis.

Now, we can.: ea.sxly see t"ha.t {zl, 3:2} z’C o2} constitutes z a hyperbolic pair. The

same-is t‘.rue for {333, au} = { e:rl, ; T2 ki We have two: hyberbohc planes H;, a.nd H34

Hip = Fzzx + Fi@z;. 3

and..
'H34 =Fz3+Fhr,
with the lines: = _.
st Tine m=0zy +0zh = 22, +0, @2=0)-
Qn_d line fe=1z;+ 1z,
3rd line 3 = 12 —-1'3:'.2 (t=-1)
in Hyy and. - |
st neny =0z3+ 224
_-Qaﬁdﬁne 75 =11.'3—1:L':4'
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3rdline g = -1, —1ay

in Ha. If we look at the definition of g{x, y) we note that V4 is spanned _'b}_-'_ two éympl_ectig:

orthogonal subspaces Hyy and. Ha,:
= Hyp & Hyy.

because g{ Hiz, Hag) = 0.

This result is very -imi)_ortant, showing.ﬁhatsﬁiié dedomlﬁésition of '5(3) into" fwo. hyi)er—

. bolic planes is: symplecluc and not. euchdw.n The. degeneracy of the mterme(hane (gentil-

ionic) repreaenta.non of S(3’ Is. remo'ved at:a, swnplectm level where we have a sphctmw of
operations of SG%: in-Hyy the-.:dentl.tiy. mduces truerrota.tmus-whereas-1n'H3"4- a.iso mve'rsions..

are present. These. mterchanges of: the act1ons of. the elements of S(a’ ‘are: respon51ble for -

the. gluomc mterpretatlon of: coiors and -Anti- colors Butf thigiis. a. na.t.ura.l result smce the

Pauli matrices foun a non-abehan algebra. a.nd all (7x 7) matnces representing: 5 belong
to Sp(2), since the factor det = %.1 do& r_xpt,__reverse-the sign of the skew-symmetrxcal

bilineas form beca.use ( +1) = ( 1) Thus
= y)“Q(S‘s 2 S(a’y)

a,nd the symplectm structure is. preserved

To perfo_rm Slin-pie‘ ca.lculatlons*m symplectm_geometry, it may be useful to impose
some euclidean structure on the symplectic spa,ce.. VVe fix a symplectic coordina.te s.;y'stem
and.iritroduce: az- euclidian, structure using the coordinate scalar product w ) In this
euclidian struccure, the. b}mplecnc basis.is. onhonormal The skew scalar: producb like

every bilinear form, can be expressed in terms of the scala.r pr(_)ducr. by: .

¢l ) = (T£,5)
where T :' R? — R? is some operator.- It follows from the skew-symmeiry of the skew-scalar
product that the operator 7 is skew-svmmetric. Of course, in the sympleciic basis. the
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matrix of the operator T is

0 -r
I

I o

where [ is.the identify, As an example; in the hyperbolic planes of V*, I is simply rotation

b

N*'{

Since I?'= —I, we can introduce into our:space not only a.symplectic structure and an

euclid.ian;stiuct_u.ne,;__but also &.complex-structure. by defining multiplication by i = /=1

as being the action. of Z.. In this way; our space is. identified-with a complex space. As a

result, we coniclude that the- linesu: ttansfdi'ﬁ:lations-Whidl.preserve the. euclidian; structure
form the . orr.hogonal group. 0(‘7n) .and: i’.hose preservmg the: complex structure. form the
complex hnea.r group: GL(n C}..

f&nother concluswn i5 tha.t tra.nsformatlons w}:uch are: both orthogonal and: sympiectm

are.complex; those whu:h are both complex a.nd orf.hogoua.l are. symplect:c and those: whlch -

are. both: symplectic:and: complex arg: orthogona.l thus, the.intersection. of two of three-

_ Groups is: equa.l to:the: 1ntersect10n of ‘ally three

0(2n)ﬂ Sp(2n) Sp(‘?n}ﬂ GL(n C) = GL(n:G) N 0(2n)

The- intersection__i.s--ca.H_ed;i.t_lie unitary: g;pup;_U (n): .Uu_ii}a.'ry;,tra.nsformatiqns._ preserve.the.

hermitian sca.la.t produet:{z; y):+ q(x,y };:the: scalac and: skew-scalar produgts on R*™ are

iis real and;imaginary. parts. . -

Our previous discussion opens:the wa}:;td a very deep question.. Let us take an. example:'

we: know .tﬁat_* 5U(2) is:the weak interactions: the physical fermions aré doublets of the

. global SU(2).. They are all S:.in_glé-ts-iundér;.the gauge:SU(2),.. Transitions between them are

aﬁ'ec_t_gd_‘.by,‘_;wr boson.emission: or. absorption, which is: allowed because the-W's are isoépin'

1. This:global: S._U(_?,) is-imséme;-ways, one of:the deepest mysteries of know particle physics

because: as & symmetry: it is. only: approximate.. It. is: broken- by: electromagnetism and -

21

fermion doublet mass splittings and the non existence of rigir-handed neutrinos. While
exact symmetries are symmetries, approximate symmetries usually arise from underlying
physics. What kind of physics underlies the exact $* symmetry? The answer here is
clearly tomorrow. The answer might. even be vesterday, with the serious possibilities
offered by Gentile statistics and the corresponding permanent confinement of quarks. But
what we should like to emphasize here is the richness of possible physical effects with
explanation based. on. the: invariance of the system undgr SG). (or _S._(N)). 5} is at the

centre of the Principle of .indistinguishability and even the definition of & quantum system

can be, questioned, as occurs in the EPR paradox.. Each symmetry corresponding to each o

group.contained in the geometry must exhibit a new aspect.of physical shegries..

g
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4. CONCLUSIONS

Some years ago, Hawkj11g(.28) .iu his celebrated lecture ~Ts the end in sight for theorez-
ical physics'é“, has answere(_i afﬁrnia.tively for the question. This answer was very sad. We
'kn.ow thac the end of theoretical phyéics means the end of all basic physics. Fortunately,
this point.of view. -mighn*wei_l Have been rgfut.ed:by experiment. Needless to say, no one has
suggested a way in which experiments migh§ shed light -on the issue of quark confinement.
Thé present. theories:( QCD and or p_ara;stati_sfies)'are-only a.crude phenomenology, .we
leave open thé-question oﬁ;-Which'-of'—their'pr:operties we should take seriously. We do not
-deny-legacy of: these a.t;tempts 0 solve’ the statistical problem and the corresponding con-
fineinent:. We understa.nd that the-quark model has created an.aimost unbeara,ble situation
in theoret:ca.l physms It is difficult: to. reconc:le the L.nown statistics with the existence
of three ferrmons in nhe same star.e In Ehe case of QCD. the ploblem has been partiatly
oolved by imposing; SU(3)c01°, as. the. color symmetry. But this is not a natural choice, since
it is.not requi;'éd by:'-the foﬁndations of quantum méchanics.. What we have said in the
Present. text is Lha_t_'; SU(3) is onl.'y- a possible ssrmmetry which-serves as a solution for one
step.of the confinerment pri?blem. Nevertheless, it does not explain, cc')nﬁnemént. Such di-
vergent _vien#s: a;ré'-lield:-bv: the:..rnost;'respec&éd_of_theorists. On the pther hand parastatistics

i an almost; umntelhg;ble a.nzats ﬁrstlv announced by Ok'w amal2?) and latter explored

by Green(30) a.nd followed: by others cuhnjnating with the enormous effort of I{a:‘nefﬁchi '

and Ohnuki(31). aiming. to establish a consistent approach-to-the statistical puzzle. In
thls subjeet, we are a,b guilty as many others.for having written a papei‘,. which implied as
muck in.its siclet ). This discussion, although being unsound. has called our attention for
‘a more profound. reasoning based on the ¢! Symmefry. Among the arguments favorable
to our present. theory, we can quote the following:

1j Our starting. point are the Prineiples of Quantum Mechanics.
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ii). All developments and demonstrations are mathematically rigorous. .-
i) No “ad hoc” hvpothesis a.re:-introduced to e‘cplain couﬁneinent

iv} The decomposition shown in Section 3 of the symmetnc group S(a) has the adva.ntage

- of considering quarks, especially for energies corresponding to deep inelastic scattermg,

almost free. Under these conditions, Pauli’s Principle plays no role, and the quarks can be
considered as fermions or bosons {from .t-he'point of view-of intrinsic angular momentum).
Even the bosonisation of quarks arises.as possible liypothesis in: this limit of energies.

v) Our theory does not admit hadron coalescence without violating the color conser-
i i - el
vation imposed by Kp7;-

vi) From the peint of view of usual statistics (fermionic or bosonic) the hadronic quarks
must obey the common rules dictated by quantur mechanics. Thus, to be in agreement

with eﬁperiment,. guarks' are fermions (intrinsic angular momentum one kalf). Indeed.

fermionic and. bosonic representations are inclitded in Gentile'statistics. But an expers

-reader could ask us - “Why only fermions-and bosons are accessible to experimental de-

tection?”. " This is a very delicate q_uesfibri. :As we have seenl in' Section 2, there exists
for gentileons: (in-an: abstract space} a new. kind_qf ""_heiicity” which is reversed during the
creation of the final state. In Section 3, we have shown that the origin of this “helicity™ is
not related to metric geometry but te symplectic geométry.. Apart from terminology, our
world is euclidian. All"experiméntal apparatus is euclidian and it is difficiilf even iniégine
another form of testing natural phenomena. But we can not reject the strangé possibility
of seeing gentileons. The situation shows a,.close_simﬂar'i'éy with Bohm-Aharonov’s effect.
Some years ago; it was impossible to-think about detecting pure gauge fields. Now; the
situation has drastically changed with the clean tests of Tonomura et al.(32}: 'Although
their result is of fundamental importance, and the proof relatively simple, a. complete dis-

cussion of this .problem is not the purpose of the present paper, and we prefer consider




it as an analogy: . But, what to do with the problem of detection of gentileons? This is
not an easy task because we have not yet established a connection between the internal
space and: the coordinates of space time:. We suggest a very phenomenological approach:
since we c.ém not simply: nﬁ(_)ck— up the way. followed by experimentalists until now, we must
collect: ciana on high. energy physics.over a broad: enough range and decide: if free quarks
are detecr.ed _they. are nog gentileons: if 'théy- are not detected they surely are gentileons.

'\Ve believe: thal: quaﬂ;s willlnever- be det;ected Foz' us; thls 1n.d1rect p1oof suﬁiceb

What; we. call iearn flom l:he rea.dmg of tb.e present worL is. that some: new:ideas prove:

w0 be. m1stai{en-,_‘bgt:_.§ha ha.:n_;..do_a_,e: _m_ t:_s,kmg;:,them;up;_audi Working in t_he di_recai_ons they
suggest: is- much: _outweighe_(i":- b_y_ the. positive. gaiﬁ:-_re_sulting_ from an open and receptive
: a.tt.itudg _l:owa.r__d__s;_ ofigi;ggl: thought _Q.n_e n_éﬁde_ncy- which: ha,s ]?et_an- followed is. to. build: the
discussion of a;.;_d];.)ic: a_J:ou_x_icl a l;igorous'_theory:_ whick has been selecied from among many
. alterna.tives.._ This. xr_i.enlioii usually _gainsrcomz_n'endations_- o the ground that everything

becomes. clear, and. a mass.of experimental data can be coordinated and reduced to a

comprehens_i-]:xl'éj.,unity;- -

Untxl now- we: ha.ve tressecl soue: posltlve. fea.tures of. gentdlomc t;heory Tl’us cioes not:

mean: thas (W are not a.wa.:e of the enormous; dﬂﬁculmes we: sha.ll encounter: to. estabhsh:---

an: a.lnemaswe theory, in; che context of Gen.ule stansncs mmmg at-a consistent: quant.um
Weare. workmg in:sev eral chre,cnons, with: u.ususpu:lous hypothesis, to overcome the usual
dxfﬁcultles These schemes are woefu]ly na.lve and incomplete.. There are. many. pheuomena
of. compa.:able 1mportance thaﬁ are: s:mpiy non inclizded.” We: know- that:things that we
alrea.dy undersua.ud im- pnncnpie are: often 1gnored I practice. &l we: ha.ve to do is try to
avold-such: procedures With t:hxs $His mmd . we:propose. the: foli@wmg approax,hes to the

: tormula.tmn, of a. genmhomc quam.um field: theory_:
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i} All consequences of imposing S as a fundamental symmetry (Principle of indis-
tinguishability}. should certainly be pursued further because thevy provide some of our
sharpest constraints on speculations of new physics.

ii) In general. the particle and observer car be- infinitesimally close together or at
opposite ends of universe; the Lorentz trannsformation is still the same. The Lorentz
symmesry group of special relasivisy is an exa.mple of “global symmetry”. The symmetric

group is also a global symmetry. As the particle moves through space time, it traces out a .

" pathin theinternal space above the space time trajectorv. When there is no external gauge.

potential, the:internal space path:is: completely a.rbltra.rv When the. parmcle lnteracts with;
an external gauge field. the patht in.the mternal spa.ce is.a contxnuous curve, determmed
by the gauge potential. In: the mterna.l;-color- space,. the: qnl_y_f_ possible configuration is a
color singlet with net,charge;_eciual. l;o. _zem-.‘_._Thi.s mea,né: r.ha.t—.the excernal gaug;e potentia.li.,
does not exert any. influence on. the pa.rtlcle One posmblhty is to cons1der a: bundle Where_
SU(S)ngm is the ﬁbre and. SU(3) is ta.ken as the structural ga.uge group. Since the cross:-
section. of the bundle does not. depend on: the gauge Broup;. i;he above result is _]usnﬁed
\Tow let us-remingd: that
R(8) v = exp(-iBL) h.
15 the .three: dimensional -rotation: of a. state vector. But this expression has the mathe-

matical form of phase.change under a gauge transformation.. But, the, responsible for the-

cliange of the phase.in % is the gauge potential, and the gauge:potential is not: a rotation

operator.. Thus,

66=Fk . gauge potential
Generalizing,; we can say that the gauge_p.o_ten_tial can be written as a linear combination:
of. the generators. .

E-i‘(a:(a}

(=1




where A; has a dual character, AL is a feld in ;spé.ce time and ¢; is a penerator {operator
m the color space}-of AS5®) The details of this dangeroys line of Teasoning and its

' cbnsequence.will: be: pu.blished‘ elsewhere: . _
1) As aﬁna.l but.not:less important remark, we should like to point out the possibility
of ‘applying the: usua.l Drell-Yan: mode1(33) for gentlleons Let us ta.ke as an example the

P N"‘ + N+ (somethmg else with. ba.ryon number conservation) reaction:

..rc‘
. ( SOMETHING: ELSE: WITH. )
'\ sarYON NUMBER CONSERvATION
T

CFLGo3

-In.gentilionic theory, the explanation _Baséc_l on ¥y emission_-is absolutely forbidden. No
quark can intéra.ct-_with,another (hadron-hadron) because this means coalescence of quarks
and violation of ¢olor conservation.. There lS no scaling violation since Bjorken scaling is
fermionic for angular xﬁoménta. This-fact changes drastically our views on the constitution

’.of'matter at extremely. high densities. Recent results at GANIL {F; i-a.nce)(g"“ have shown
that, even atlow energies; there is, in-nuclear reactions with Py, along range effect {besides
the usual- exponeﬁtial,short range) which. can be accounted for by emission of di-gluans.
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This long range force (van der Waals) is proportional to r;"-, giving good agreement with
the experimental results. As has been remarked by Hussein and Porto Patol(353) , the
explanation of the extra-term by di-gluons emission (colorless) is in fairly good agreement
with the exponential data. Even waiting for new confirming results, we are faced with a
new situati.on: how can di-gluons be emitted from the nucleons without color conservation?
For gentilionic gluoz;ls (t].:le-two‘ generators. oﬁS@)- this possibility, at-least in principle, is not
understable.- It can oceur: that in:a vntualunknown process:thé intrinsic helicity of mixed
symmetries can. be combmed among; the g_uons, gwmg a.net:zero helxcxtv in occupation
number color space. Although bemg uncerta.m ‘this possxbﬁlty must be ta.ken carefilly. As
in the-past,. several:-? ab’.:normal properties.of nuclear reactions{17-18) have been attributed
to parastatistics.with:contihmous _orde§l§WMeter, a.nd.'a[ter;,ha.ve being explained by other
competing effects, we prefer to ﬁa&t for' new- more conclusive results. Nevertheless, at a
first. glance, in the absence. of a‘.Gentilionic'QFT,.the.couclusions-of_'Hussein.-and,__Porto-
Pato seem: to be very reasonable; and.much work is. béing done by us in'the'iinspe(;t_i'cm
of the theoretical-experimental suggestions.. To sum up;, we-can.say that to reconcile the
color spin- conservation with the ,dbgluoﬂ'emiséion-_is an open. problem in our scheme. As
the Drell-Yan approach manifestly violates color.conseﬂrv'c'u'.ion1 we-can speculate that only
at the threshold of GUT, where the proton-decay: has a non zero probability of Gecuirence,.
the di-gluon, emissioﬁ is allowable. But this hypothesis requires a great. revision of alf
fundamentals of quantum mechanics. So, we prefer to postpone its discussion for a next
paper.

We acknowledge Profs, M.S. Hussein and M. Porto Pato, who kindly, have put at our .

disposal, their previous and unpublished resnits and calculations.
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