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ABSTRACT

Within the context of baale left-right symmetry and the hypothesis

of u.nification of weak, eleCtromagnetlic and strong forces at & mess level
810"1-106 GeV, relatively light "mass" axial gluons, confined or liberated,

must be postulated. We remArk that the existence of such "light" axial
gluons supplementing the femiliar vector octet preserves the successes of
QCD, both for deep inelestic processes and charmonium physics. Through the
charecteristic spin-spin force, generated by their exchange, they may even
help resolve some of the discrepancies detween veetor QCD predictions and
charmonium physics. The mARin remark of this note is thet if colour is
liberated, not only vector tut alsc axial—vector gluons are produced in
high-encrgy e e’ experiments, e.g. at PETRA and PEP, with fairly large
erosg-gection. Distinctive decay modes of such liberated axial gluons
are noted.

-1-

I. THE ¥EED FOR CHIRAL COLOUR

Four-component querkspogsessing flavour apnd colour exhidbit chirsl
flavour gauge interactions. Tt eppears surprising to us thet it has
essentially been taken for granted that colour gauge interacticns are
vectorial only and not chiral.

A priori there are several theoretical motivetions for postulating
1
that basic eolour gauge intersctions are chiral Just like the flaveur ones. )
But perhaps the most important one is thisjintreduction of chiral colour

gauges (for example,” tafsu(n)1* = [SU(H), x SO 1p 0 o x

[SU(h)é x SU(I‘)IIJ]colcur s Or more generally [su(n)]h vith n 3 4} to-

gether with the assumption that the gquark chiral colour subgroup SU(S)L x ‘SU(S)F'l
is preserved 88 & good low-energy symmetry,permits & unificaticon of weak,
electromegnetic as well as strong interactions to become manifest at & mase

scale as low &8 l[}h—lt‘J6 GeV.B) Experimentelly this implies that thers eouid be
direct signatures of this unification already at Isabelle. By contrast,
alternative unifying symmetries &) (e.g. sU(5), S0(10}, E6 andlg.r) devoid

of chiral colour, predict ultraheavy unifying mass scales 3 1077 GeV.

As will be elaborated later, there is nothing in . pregent low-
energy regime to exelude e¢olour being chiral Just like flm. In fact
an underlying chiral colour symmetry, by providing an octet of axisl vector
gluans )
of the lingerling discrepancies between predictions of vecter QCD and
chermonium physics.

+in addition to the familiar vector octet, may even help resolve some

Now c¢hiral colour SU(B); x SU(B)I; cannot be pregerved &s an exact
local symmetry, since querks possess mAss, We expect that it breaks at the
secondary stage of SSB to vectorial colour symmetry SU(3)£|+R generating
a massive octet of maximl-vector gluons VA(g) together with the familiar octet
of vector gluons V(8). In accordance with the low mass unification
hypothesls, the breaking of chiral colour must be &t . the =~ .~
mass level nc¢ blgger - thin the breakdown . of the "electro—vesk" syrmetry
Sl'}(é)'i_l * U(1) . Gorrespondingly,we ehould expect & "relatively 1ight" octet of
axial gluons with "maseet” which &t the one extreme may be as small as mearly 1 Ge¥
and at the other , perhape . a8 high &z - 100 GeV. (By "mass" here,
we mean the Arvchinedes mass 5), which the gluons would seem toc posgess
inside hadronic bags, just as constituent (p,n) quarks inside fiavour singlet
beryons exhibit Archimedes' masses ~300 MeV and b-quark mmzses ~ 5 CeV.) TIf
the gluons are liberated, their outside physical masses would, of course,
be higher than their inside effective mMsgses - see remarks later,



" The purpcse of this note is two-fold: {a) to make some general
reparks regarding the consequences &nd the congistency of the hypethesis of
light axial ceclour gluens, whether they are confined or liberated, and
(b) to point out that if axjsl colour glucns are liberated rather than

. -+
confined, they would exhibit unembigucus signatyres for high-energy e e

experiments, €.g. a.t PETRA and PEP. They would be produced wilth cross-sections

corresponding to electronie partial widths of order 100 keV to few MeV
and can be distinguished by their rather distinctive decay mcdes.

II. MANTFESTATTONS OF CEIRAL COLOUR FOR CONFINED OR LIBERATED GLUONS

in 1)
Within unified theories like [SU{n)] ; quarks may be fractionally or

" integrally charged. For the fractional charge case, the vector gluons are
necessarily massless 6). In this case, exact colour confinement is generally
postulated; for the integer—charge case with necessarily filnite mass gluons,
the confinement would only be partisl, with coloured quarks and gluons
exhibiting the Archimedes effect 5), with different "masses" inside and
outside hadronic bags.

By "tnside" mRss we mean the following. In a renormalizable gauge
theory, with mass generation through SSB, one can define running messes ﬁ(qz)
ag funetions of momenta qa, from renormelization group considerations. We
shell define "inside" masses (min) as values of ﬁ(qa) for q_2 % 1/R2 , where
R 1g the radius of hedronic bags of the order of a Ferml. TFor exsct
confinement the outside mass {m t) is infinite; for partial confinement it
iz finite. The precise link between mot and oy involving &s it does long
distance, possibly non-perturbative physics, is an unsolved problem. Semi-

quaatitybdve « considerations based on the picture of e partially confining

pervious bag model have been offered, for example in & formula like 8
(mqu&rk)om; P9 -é-;r-;,'—uv where ! is the Regge trajectory slope (in Gev-e)

and py 1s the Inaide vector gluon mass. In the sequel, for the case of
partial confinement we shell, for orientation purposes, use an ansatz

1l
Bout = Byp % Bray Note that m, {from 8SB) will depend not only on

perticuiar (colour) multiplets but alsc possibly on the flavour components
concerned. For exsmple, m =~ for (n,p) quarks is s 300 MeV, while (m, )., -
is x 5 GeV. With py varying betveen 100 and 10 MeV, m ot in

‘% 220 GeV. Sinde, from the lov mass unification hypothesis gnd the soB

ig of order

for axial
in Tenge between nearly one and 100 GeV, we expect
would renge between few to 100 GeV for the partidlly confined

implied vy it, & priori, we cennot place sharper boumds on (mA)in
gluons, except that (mA)
that (mA)out
integer-cha.x'ge querk case. (Since from any SSBR arguments We expect

(m A in (mv in ¥ Wy > Ve expect (mA}out also to be >(mv)°ut.)

But irrespective of whether axiel gluons are exactly or partislly

confined, light axial gluons would generate an effective low-energy sxial

chromodynamics supplementing the familier vector QCD. We remark that the

presence of the axial gluon octet with either very light running mhsses
((q} £ & few hundred MeV or very heavy u2( <Q ) ) »> <q > will not

disturb the rl.mili-.r successes of QCD. (Here Qq % denctes everage typlcal

(momentum transfer) for deep inelagtic sealing, 1.e. <q > >l Govz.) This

is because in the case of vAnishing p‘A(qz), together with vanishing u’qwk(qz).

one recovers unbroken chiral SU{3)' colour. In this caze left and right quarks

couple to separate octets of gluons Vo (8} and Vo (8) with equal cou,pling constants.
‘Hence 811 applicationa o:t‘ QCD ranain unaltered. (With finite 1 (q, << (q }

T T —— A

departures from QCD predictions in respeet of moments and structure functions
would only be of order § /(qz) £ 1%.)

_For the j<Ee.se of heavy axial wmAsses uA( <t1> ] > {q 7 » 6u"the other band,

one can effective%;dthe contributions of the axisl octet altogether. Only vector

3 {th & coupling vhich is 1/42 of the ohiral
colour coupling. Thie too leaves QCD sapplications unaltered. Thus from the
mceuaes of qcn,we would infer thnt either u2(<q> Ye< 1 Gevz or that

((q) > (q) ~ 100 Gev°,
Exchanges of axial gluons would however lead to & spin-spin force in

chromodynamics would be relevant

the leading crder in contrast to vector exchanges,where the speitpf-égénv :orce
is suppressed a3 a non-relativistic effect, particulsarly for :Lov/ixini masses.
With masses
~l/ 2-2 GeV the spin-spin force could indeed be relevant for the split.tins

1
of 331 snd s ai states, .. (¥(3100) and 1 (2800)) aria slso far: Tadiative

The net strength of asuch & spin~spin force depends on (mA) in

transitions. One must beer in mind, however, tha.t in general.mult:l.-exial ex~ -
changes would play an important role, as would the multi-vector exchanges.

Such & spin-spin force mey resolve some of the diserepancies which appear to
be developing between vector QCD predictions and charmonium physics B)‘ A
complete calculetion invelving the contribution of the axial epin-spin force
for the charmonium system is yet to be carried ocut., We urge such & cal-
culation, This would no doubt involve, in general, at least two new parameters

e
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corresponding to the range and mtrength of the new spin-spin force. We sitress,
however, that the full potentisl and signature of this new force would emsily
be manifest [in spite of the introduction of new parameters) through & Joint
exploration of the spectroscopies of the charmonium as well as of the heavier
bottomonium system, which should be available within the next few years,

To conclude, even for confined axial chromodynemics, one cean find
signatures for axial gluons 9} perhaps through departures from veetor QCD
prgdictions for deep inelastic processes, but more promisingly through an
exploration of the spectroscopy of the heavy quarkonium systems. HOwever,
their most spectaculer debut would be for the liberated case which we consider
next.

II1I. LIBERATED AXTAL GLUONS

Consider the case of integer-charge quarks and libergted colour. We
shell mainly be concerned with the producticon and decays of
axiel gluons in e + e~ collisions. The interplay between the flavour end
calour gauyge particles ia best exhiblted through the neutral mass metrix ,

which we now consetruct.

Gauge mags matrix: To be specific consider spontaneocus breskdown of [SU(h)]h =

t ]
(SU(k), * UML) g gooue * (B0, UGy our
and right flavour ard C,D left and right colour in the space of basle fermions.
The pr:Lmu-y hreaking through VEV of 15-plets of esch SU(4) reduces the symmetry

[su(h)] to 2 1431,10}

[su(z)L x su(e)R_Jx[SUB}I: x su(3)l;}><[u(l)'L x U(l);i] ’

1]
where SU(E) LR are the left and right GIM flavour subgroups &nd U(l)L p denote
Y

the 15 genera.tors of SU(h) colcur. The gauge particles of 8U(2)

Here A,B denote left

L,R'

11
su{3}. and U(l) are dencted in the notation ) of Ref.2 by (wi,w3) ,
L,R LsR L,R

V(E)L R and s° R® respectively, while their respective coupling constants
»

L,
are denoted b =g, t5_=¢
¥ 8,p=8: g %24 (f5) 5= T
the uniconstant symmetry [sU{4)1* breaks in such & menner that left-right

L,R =T
12) thus the

{We are agsuming that

symmetry is preserved at the primary stege of SSB,
radiative 4iffr
e erences between g = and g, end (flS)L ang (fls)H are small,)

5=

The gecondary stage of SSB is indueed through fundamental pultiplets:.
Oply four such wultiplets (related by digerete symmetryl ) are needed:
a* (5,0,1,1), B = (L4,1,5), ¢ = (51,51), B= (1,14 1), Aseume the pattern
of VEV: A% ('l’a'l‘a‘l"'k)' = (0,0, sy} &Ly = (cl.cl. l'ch}'

13)

{8y = (bshysby sk}, where the entries denote VEV of diagonal elements.
Congistent with the low mass unification hy'potheaia. ssaume the hierarchy

v, >> (ch’uh'hh) > e, b, < by end hh ~(e * a.h) The sclle of t.hese

1)
parameters is fixed by the combination o (hqu.fs )= JEGF)
where c2 = 3c§ + c_% i aZ 2 3&2 * 32

Note that by, being the largest makes the right~banded chnrgei gauge

particles and & neutral gauge partiele By {see below) superheavy leaving:

.
Y&
an abelian U{

1}R invariant

1 hh -
SU(2)p x V(1) —— {1y

0 {aee balow).

The parameter B = 3h + hh breaks U(l)L * U(l R to U(l)F sy Eiving

mass to the colour—ainglet axial combination (sL - so)/.f' . The parameter

h, ‘breaks chiral quark colour su(3) x 5U{3)p to vectar colour su(:i)m,R ’

end thereby glives mass to the cctet of sxinl colour gluons V,(8)s vhile the
parameter e 'bre!.ks left flavour SU{Z) end left colour SU{ 3)L (and therefore
vector colour SU(B) ) giving mass to the octet of vector giuons V{(§) (cl
being the smellest of all VEV's makes the vecter ostet V(8) the lightest apart from
the photeon). The parameter ¢, breaks SU(E)L x !J(J.)L to the dimgonal

abelian sum ﬁ’(l)L (analogeue ta (5)), while &, bresks flavour su(e)L % SU_(Z)R
to SU(E)m-R + A summary of these symmetry breakings is given below:

E(l)R couples to the appropriate diagonal sum of W3 and §

U1y = ar (hll'hl)
¢ g ——— ull)

h

SU(3)I" x su(3);{ L SU(B)'T_er

su(2). = u(1) x su(3). )iy
LX) xsua)L,y —e 2wy,

Here U{1l) is the familiar abelian genermtor of SU(Q)L x 4{1),

U(J.)EM containg flavour and SU(3)' colour generators appropriate to the
case of integer—charge quarks. (Note thet for the case of fractionslly
charged quarks the above pattern ¢f S5B applies with the exception that

= 0.) We now present below the consequences of this breaking pattern

[+
1
15}

on the neutrsl gauge mass metrix



" Heutral elgengtates: There are six relevent neutral gauge particles
W, 89 ena 0 _, vhich mix with for B Yyt Vel
L.R * SL.n n LR * ch mix wi each other UL;R = 5 13

they dencte the cpnonical chiral gluon fields, which enter intc the photon,

We knov the exact composition of the massless photon as well as the composition

of oné heavy gauge particle ZC . 'They are:

A = cos¢ (A + A )/AT + sing (uy + U )2 (m, = 0)

ZomB, mgc % (6%/4) (3x+1) b (1)

where tanp w (Ur/(3r+1))>/2 /), a2 Gra)™ 2 (yF W 59 em

-1 ¥ - >
I.. g = (3re1) /2 W+ J3I' 8 ) p- Theratio r = fisfaga is related to
the weak sngle Yy sin 8 = 3r/(6r+2) Extracting out the two eigenmtates
~ 7photon and Z -we are 1ert with & U x 4 symmetric matrix, which in units of

(6?/1) 1s given b'y

T v [ -

i
N ED gy | R 2
(855 02| 2//?3r+1) (=% | EE yngel | ES

-2 22 2 )
(3r41) ™ [9r°n"+e -h[ . ]% f_i 2 -h[ . 3 ii} 2
. (3r+1} ch] 3{3r+l f15 1 3(3r+l flS 1
—_—— .- -w—~-‘—-— —
2
r
s 2 2
2r =1 ¢ 2r(f /f. )
[fls] T 1
— e a n — e L.
2r(fs/f15)2(uh§+ci)

L |

2
In the &bhove we have not exhibited correction terms of order (geffs),
(f /f } and ai(h2+&2) compared with unity.

-

Jf¥uwf

Since (c +a ) i determined by the masas of WL » there are three parsmeters
which determine the complexion of the eigenstates of (2). Thepe sres:

Here ﬁ = cosp U +U)/ﬁ—sini(AL+%)/r' and

.2

£, = oy/(e™a®), g, = 12/(c%a?) amg £y = (2%48%)/(c%a?), vhere
2
B

the requirements of low vector gluon mass &nd low mass unification hypathesis,

2 2
(3m) + b ). The general constraints on these ratiss,in aceordsnce with

i

ares 51 << 1, .52< 1 &and 1l<g 5,3< &,

7¢ exhibit some of the main physical consequences which Arise due to
the presence of axial gluons, we shall assume (for illustreticn only) the
following hierarchy consistent with the constrsint mentioned above:

£y << gy e 53,(53 ~1) . (3)

This amounte t¢ assuming that mg << mlzl << mg < mgB » Where ZA and ZB
v A A

are the two "weak” neutral gauge eigenstates to emerge from (2) . {#tte.for

guldance thet such m hiererchy holds for masses much &» mu ~ 10 GeV,

m; ~ 30 GeV, mz ~ 10 GeVy m 7, 2140 geV,.though we must stress mt 1 general my,
A
mey be comparable to oy =

v
Subject to the above illustretive hierarchy, the eisensﬂtes

few to 20 GeV on the one hand and to6 mz 2 60 to 35 ceV

on the other - 1
of the mass matrix sre approximately given by:

‘ﬁv » U+ O U, +Be) (AL-AR)/JE'+O'(G") B,
U, = (cosa) U, + (sins) (A -A)/WE + €le") B, +Ole) Ty

7 o cosp ((-sina} U, + {cosn) (AL-AR)/JE} + (81nB) B + e u,

‘EB = =-ging {{—Sind) UA + (Qosq) (AL_AR)IJE} + {CQSB) BL +e'(ell) UA .

(4]

L]

L]

f



The mBsses are: m.ﬁ % ficefh. mﬁ ~ fihje_ , Tor small 16)
v A
2 2 2
5= {h2+e.2)/(c2+52) £ 1/e, mZAx {4 sin BW} {mw_£g3) s

{1 +6'(£3)). For £

2
mz 2 }:ﬂw_£ (3r+l)

>>» 1, m, +m

7. = (mw;-/ccsew} with Z, beconming much
A L

3

heavier then W;‘ '

The parémeters € , «' and g" are small quantities given by lT):

Subject to

= (my /my )% € = (/1) (my /m, )%, € = g/t,) (my /m
muvaA L s "’U\,mzA 8 ’“U ZB

the hierarchy (8), €'~ g << €<< 1, The coefficuents of the small
components of the eigenstates mre défined such that | @{€)| o |€| etc. The

angles sine and sing are given by,
2 2 2
sina ~ (g/t )} (mu /= Y5, sing ~ 8 /(h ey . (5}
-1 v ZA

We are now In a8 position to observe four cruciasl features of this

complex of elgenstates,

{A) Psrit.;f:violating _compopent in ﬁ‘V: The composition of the dominantly
vector gluon U, 1is the same &s in Ref.l,except for one notable change. It

v
bas picked up &n exisl component U, of order € = (mu /mU )2. This is,
4 v A

of ecourse, a parity-violating mixture, which could show itself in the hadron-
madron system, e.g., in the nuclear force. Let us estimate the effect. There
are two types of contributions.

1} Pirst there is the tree contribution with a single ﬁv exchange
between two nucleons., The contribution T of this exchange to parity-

vicleting smplitude is given Tty T'(tree) = (fs/ (562). where § ip the

colour octet oqggonent in the dominmantly eoclour sinslet nucleon (& < 1/10).

Thus T'(tree) € 107 Gev™° for my 10 Gev and € = (mU /mU ) £ (1/10).

We see that this empIitude 1s suppressed in large part due to t.he colour
singlet nature of the pucleon.
i1) Second, there is the loop contributicn with double 'l‘fv exchange.’
This 1s & convergent loop. Even if we neglect form factors in nucleon-gluon
vertex, the contribution to the parity-violsting amplitude is T'(loop) ~
(uﬁfmﬁv) (my /g, )2,
¥ A

Given the mass ranges discussed above together with

-5~

X Ge V_2 « If we use form factors,

Thus, in spite

a ~ 0.2, we optain T'(loop) < 4 x 107
T‘{loop) will be suppressed by another power of (mU /1 GeV)

of the sizesble mixing between Uv and UA' its parity-violating effects for

colour singlet badrons éppear to be suppressed numerically to the level of G

Parepthetically, we observe the following feature. Queark-antiguark
(or quark-guark) scattering csn proceed, of courze, through single ﬁv exchange.
The force thus generated will involve & parity-violating component due to

U -U, mixing. In case the Q1 or (qg) system is inside s rormel hadron, .

V A
the pa.r:.ty-vmlatmg amplitude thus srising would be glven by “[£° /(mU Y2y

(mU /mU y where the bar denotes "ingide" Archimedes' mRsses. Relltive to

the pa.rlty—consarving amplitude & "[ fglﬁu )2]", the parity-violating amplitude

at the quark lewvel 1s suppressed by the factor (EU /‘EU )2,;.: 10"1‘ for
Vv A

Gy ~10 MeV end m 3 1 GeV.

It is not clear how tc detect such & poseibly large (~10‘£‘) parity
violation for the qo amd g systems whern they are constituents inside &
hadron, except possibly through the effects of the corresponding potentials
on energy levels of nuclei. At any rate, if EU were larger than 3 GeV, the

effeet would be rather small even 8t the quark level.

(B) Leptenic coupling of the sxial gluon GA: The state ﬁA is dominantly

the axial colour gluon UA' Lowever, it necessarily couples to leptonic ee

and up currents through the small components (AL-AR)/ ¥z, BL as well as the

more important component ﬁv . (Note thet I-Iv containg the vector flavour
ecomponent (AL + ag)/ ¥Z of an amount sing w (g/fs) .)  Tta ecoupling to

leptons is given by

L1, >3 = T [s;j*ayue + gy ‘vruvse:l + (eru) (6)
vhere
logl % < sinole)! % 2Iee/fal (mUV/mUA)z (Ta)
and
lgy] ~ | (sinade] % 2]e?/t,| (muv/mzA)a . {70)

=10

Fermi”



T

The factor 2 arises by substituting 1 g wm 2e. It m: >> mﬁ s We see
A A

that the vector coupling will dominate over the axial-vector coupling. HNote
that the small tut finite leptonic coupling of G‘A is & direct consequence
of the gauge mature of the basic theory &s well as of the photon being

generated through SSB sc as to carry flsvour as well &s colour components.

The coupling (6) would lead tc a leptonic partial width given by;
~ - + - h 2
r(g, +ee’) x_{mUv/mUA) (mUA/1 GeV) (75 kev/(f_/4n)) . (8)

2 .

If we take {mU /mU )< & (1/2 to 1/10), m, % 30 Gev and (fi/h'!r) x 0.2 at
V., A _ A

my s we get P(T, ~ e'e™) % {100 keV to 3 Mev), which relatively speaking, is

A
rdther large.

(c) Decey and production of the Bxisl gluon ~A: The allowed decay mcdes

N
af UA with the corresponding orders of megnitude of the amplitudes are
listed below:

Amplitude
~ -+ -+
Uy = 22 » pu 2 2
2 2/t

+ normal hadrons 2L/ _s) ’ (pLUvaUA) (5)

Up = Uyt Y ©e)) (gb)
Ll e'e+, IJ—LI+ y hadrons + y (see Ref. 5)

U, - ﬁv +(wyby KB, 3m of wn) (B(strong)} (9¢)

-+ -
L, ee,uu+ » hadrons + vy , etc. (Ref.5) .,

T-

[=

—rq+ 3 @tstrong) {if m, > 2 mq) (9d)
A

Lu + mesons {see Ref.18) .

- T

fl

Here we have assumed that the vector gluon ﬁv is lighter than the axial gluon

EA in accordance with ¢ur previous discussions. We have in listing the above
decay modes taken ints account the facts that (1) I = O for ?.Tv and ﬂA'

(i1) € = -1 snd 41 for {f, and U, (1i1) JF =17 ana 1¥ for i, and §,, (1v) they
are poth colour octets but flavour singlets amd (v) both y and ¢ have SU{3)
singlet components. In addition to the decay lmodea listed sbove, if the

axial glucn ﬁA has & mass more than twice that of the charged vector gluons VI,
1%} into a pair of V'v~, The

it will decay through its ?J'v component
corresponding amplitude is of order (mU /m.U )2. which 1s thus suppressed o
v A

L]

telative to {9c) and (9d). We therefore expect mAssep Dermitting the decay
modes (9c) and (9d) or,at the very least (9b),to be the dominant decay modes

of the axial gluon ﬁA' AS long &5 & modest @ value (xfew hundred Mev)

is aveilable for the decay modes (9c), we expect that the width of GA

would be (conservatively) gresater than 10 MeV, but perhaps as large as 100

to & few hundred Mev. Teking r(§, - e”e’) 2 100 keV to 1 MeV, we thus
expect leptonic branching ratio of ﬁA to lie between nearly 10-3 and 10-1.

Note thet & major advantage of producing the axlel gluon I‘fA ig L

that it in turn becomes & dominant source of the vector gluon ﬁv and possibly N

{Decay modes of U, &md of quarks are

elso of guarks and antiquarks. v

listed in Refs.5 and 18,respectively.)

Referring to the production of ﬁA’ it should eventually be produced,
of courge, in high-energy hadronic colllsions in assoeiation with Other
colour occtet objects. But associated production cross-sections of such
heavy ObjJects would presumably be much below the level of T production.

Fortupately, due to the leptoniec coupling of 7 of order 2(e2/f Yy o /m.U )2,
A s’ "y,

which yields & leptonic partiel width F(Eﬁ > e7e’) % 100 keV to few MeV
(for m; % 30 GeV, see Eq.(8)}, We expect that ﬁA would be produced with
A Ll

a fairly decent cross-section as a resonsnt particle in high-energy e’ o

collision., In cther words, if my liegs between 10 end 40 Gev, PETRA snd PEP

:}
would be ideally suited to produce the liberated axial gluon ﬁA and there- .

by the vector gluon ﬁv a5 well as possibly liberated quark-antiqusrk palrs.

What is striking is thet it is very difficult for any other particle
we can think of, to mimick the pattern of decay modes listed mbove. A weak
gauge Zc-like particle wuld in genersal decay to leptons and hadrons with
similer partisl widths and,most important,neither a Zo-like particle nor @

~12-



qq resonknce involving either ©1d or nev flavours would have & special
effinity to produte the vector gluen ﬁv via its decay modes. Thus once the
axial gluon ﬁA 1s produced in e e’ collision (and it would heve to be at
the appropriate energy if the idea of liberation is correct}, it would be
difficult to identify this partiele with any ¢bject other than ithe axial

~
gluon UA'
In summary, the presence of axiel chromcdynamics with elther cenfined
or liberated colour is important for low mess unification. Signatures for
such axial chromodynamics would be apparent most promisingly from
exploratison of the spectroscoples of both the charmenium and the bottomonium
systema, Electron-positron accelerators, e.g. PETRA and PEP or cencelvably
succesgors thereof, give the best promise for producing the liberated
axial gluon ﬁ . Diseovery of lihersted axial giuons would make chiral

A
¢olour and simultanecusly liberated colour compulsive concepts in particle

physics.

We thank Vietor Elias end Subhash Rajpoot for helpful discussions.
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