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and strong interactions based on s fundemental 16-fold fermion multiplet F
which combines  the  four known leptons (ve, e, U, uu) with three quartets

1. In 1972 we proposed 1 a unified geuge theory of wesk, electromagnetic

of red, yellow and blue quarks (p,n,A,%) . A1l "low-energy" phenomena could
be described by the minimal anomaly-free non-gbelian gauge symmetry 2)

sUL(z) x suR(z) x SU(h)L+R .

Since the kinetic-energy term for the sixteen fundamental fields
permits of a symmetry group 3 eg large as SU(32), on purely theoretiecal
grounds there is no reason why the full symmetry SU{32) - or any of its
natural subgroups h), e.g. SUL{h) X SUR(h) x SUL(h)‘ x SUR(h)‘ ~ should not
have been gauged, the relevant gauge fields and their physical effects mani-
festing themselves at energies higher still. There would however be one
importent change; to secure freedom from ancmelies,one must supplement the
basic set of sixteen fermions F , by & mirror set F' , the two sets F and
F!' being coupled with oppesite chiral proJjecticns to the same gauge bosons.
The gauge theory would then be invariant under the mirror transformation
FL-w F; and FR-* F; . This suggestion was made in Refs.3 and 4, where we

assumed that F' is heavy and that normal matter is composed of F only.

With the discovery of new J/% wmatter, it is natural to consider the
possibility that these particles refiect one or more of the new guanium numbers

{eolour, charm and mirrer), excitations of cherm snd/cr mirror being permissible

at present energies if the corresponding guarks lie around 1 to 2 GeV above
the normal (p,n,k) quarks. In this note we wieh to exsmine possible assign-
ments of these guantum mumbers te J/P's, the relevance of Kolar-mine events 5)
either ss decaying integer-charge quarks or sz heavy leptons contained in F'

and the possible manifestation of the mirror-quantum number in v=V scatiering.

2. The strong symmetry: The two fermionic multiplets F and F' may be
displayed by the 4 X L arrays:
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2 2
X denotes charm; p' is mirror to p and E and M are heavy lepteons.

To simplify discussion, &) ﬁ = sU(2); * sU(2ly x su(h)i X su(h)% R

gauge
for which F%'v o= (2+2,1,L,1) ena FL ~ Fg = (1,2+2,1,8). The anomaly-

free strong gauge Lagrangian generated by SU(h}L % SU(h)% is:

—y — —_—
£ = % [V, . (FA R «F 2 F;)] + (v, L=R). (@)

Here A 's aCt on colour indices (a,b,c,d).

Spontaneous symmetry breaking
2).1)

can be arranged such that the two octets of vector and axial-vector

SU(3), x SU(3)y ave relstively
light (= 3 to 10 GeV), while the remaining (X and X,), which couple guarks and

v A
leptons, are heavy. The important feature of this theory (with both F and F')

gauge eigenstates (V1 1 Va) pertaining to

is the invariance of the effective strong Lagrangian for the larger global sym-
metry U(B)L x U(B)R x 5U{3)' , where U(B)L g B°t over the space of eight valency
¥

indices [(p,n,A,x) + (P',n',l',x')]L’R . This glcbal U(S)L x U(B)E
is broken by quark-mass terms (see later).
{(p*,n',Ax")
SU(E)M . SU(3)M , would be gocd symmetries of hadrons in eddition to the
femiliar SU(2} and SU(3).

Assuming that mass splittings
between

are relatively small, the mirror global symmetries,
There is, however, no reason why some members

of ¥' {e.g. p' 8nd n') could not be lighter than the charmed quark ¥ .

We will allow such possibilities in the interpretation of J/Y

3. J{y particles: 2

Eoy = 7.4 GeV and the lack of increase of K/7

The presently sttained value of R=5.9 2% 0,9 at

. + - i s .
ratic in e'e annihilation

sppear to exclude the hypothesis that the three J/¢ particles {which we

shall egll w1(3.l),w2(3.7) snd wB(h.l)Jare 3ll charm-anticharm %X
composites.

Depending on relative rasses of x,p',n',A' and ¥’

and of colour octet states, a number of possibilities arise. Note, however,
that in any case the two lowest states (wl and wz) must both be assigned
either to colour, or tc mirror,or to charm. {This is because we + wl +

T+ m.) A few typical possibilities sre:

8)

a) Colour and charm excited (but oot mirror). wl and wz are

colour; ¢1 in particular being a member of the colour gauge octet, while
by is XX 2
composite has the merit that the large partial width

composite, Naive partonm model will give R = 6. (¢3 as  ¥Y
= 250 MeV is accounted

for by assuming that its decay intc normel hadrons is suppressed by the

e

T e T e —————— e | e W T T AR R T T T g T 1 .- e —y

normal Zwelg factor appropriate to ¢ + p+ T decay. Also, in this case, the

charm composites D(= Py end Tx] and F(= Ax] could be relatively
oy eXceeds 6.1 Gev. This
could be one possible explanaticn of lack of increase of X/T ratic below

6.4 Gev,

massive sy 3.2 BeV and thus not produced wntil E

{However, see Sec.5.}

b Mirror and charm excited {but not colcur). Assign wl and wz to

mirror 103: in particular assume Y

is the mirror p (DM); wl = (B'p' - ®'n')/ VE
while V¥, is its radial excitation 11), 17 mirrer I-epin (I.)

defined in the (p',n') space is & gocd gquantim number (except for electro-

of ll'l,
through & normsl Zweig rule suppression (10—2), as cbserved in ¢ +p + T

magnetism), this could account for the extreme narrowness

decay, sllied with the factor o from electromagnetism. A mirror w

(wM = (Fp'+8'n')/ ¥7Z) nearly degenerate with Py Would be expected to exist 12)
with a preoduction cross—ection(in e¥e” experirent)a factor 9 lower than for

Py (analogous to w:p situation}. However, its width - suppressed only through the
normal Zweig rule (but not through electromagretism)} - would be considerably

larger than that of pg , meking it harder to detect.

If celour is not yet excited, ¢3 may be associated with charm-—

anticharm Y compesite as in Case a). (R = 5 assuming excitetions
of pyhyA,¥,p" and n'.} 1If cclour is excited, w3 could be s member of the
colour gauge octet. TIn this ecese (unless w3 isa  a superpesition of tWo
resansnt states 13)) its brcadness would be attributed toc the strong decay

ws(h.l} + 7(colour) + pions.

All these possibilities would have their decisive tests in the

discovery {or non~asppearance) of associated composites carrying the new

guantum numbers. Besides the well-known charmed F and D states,

full mirror excitation would require the existence of thirty-two mixed

(G¢') and (§'q) composite states (with spins 0,1) . Examples of these are:

PP, n H |?i PI = T
e, %

G',G*, H
— - {3
’ mﬂ - N 3 No)?o )

=

Note that the decays of the lowest-lying mixed composites arise only through

1)

weak interactions (see later).
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k. Kolar-mine events: The recently reported Kolar-mine events appear
to suggest the existence of new massive objects {m = 2=5 GaV} which decay with
lifetimes between 10_3 to :LO'6 gsec. ‘on the one hand and 10-9 sec. on the othex,
depending on whether they are produced in the upper atmosphere 15)

or in the rosck through cosmic rey neutrino -inter-
actions (a suggestion due to the expérimenters themselves). Within the present

‘model it is naturael to aseribe these evenis either to decaying neutral heavy .
leptons EO (or MO) in the mirrer multiplet or to decsying integral-charge guerks.

2)

A11 quarks in cur model decay into leptons - the fundamental mechanism
for such dec!;ys being the mixing of week geuge bosons W with the very
massive gsuge mesons (X-mesons} which couple quarks %o leptens (q + W+g +
X+g » (8+§) + q). There are & number of selection rules for
such deceys in our basic model, as a conseguence of whieh red guarks have
relatively long lives ( ~10~2 to 1079 secs. for m ~ 2 = 5 GeV)

9 4o 20733 secs. ). Ome .
may epvisage the Kolar events to'bé v+ N+ g+ § + u— + N fol_iawed by quark

decays to leptons (and possibly piens) with lifetimes 4,»10’9 secs.

while blue and yellow quarks are sherter-lived {2 107

Alternatively, if the nev objects were. produced in the upper simosphere, a
passible interpretation could be the production of charged heavy leptons via
v+ E + E  followed by normal weak decays of E(E —» e+ Tgs OF
E = EO ) Unlike other possibly ad hoc schemes, the
important point mbout owr model unifying baryons snd leptons is that all
heavy leptons {just like all quarks) are naturally unstable, no individual
lepton mumber Le 5 L]_L N LE N LM being absclutely conserved. ES , for
example, would decay through the chain:

0 )u - ~ Je -
£ X N g +()~:)+ by =M +HT

which is followed by a rapid weak decay of H+ . (This of course assumes
Mg > 1;;;-*-) (Wéth the effective strength for X interaction

~ 1077 cev i ~ 107k :

& 10 Gevy s we estimate Tpo ® 10 sei. if bpg # 2.2 GeV and
L 1.8 GeV.} Note the pair production of E' + E will contribute one
unit to the experimental value of R , if ECM > EmE_ . Thus one (among other)
explanation of the rise in the SPEAR ~ross-section beiween 4.6 and 5 GeV,

o “+ -
might be the ovening of (E + E ! channel.

We conciude this section with the generel remark that, on the basis
of lifetime estimates cnly, Jecaying integer-cherge gquarks and heavy charged
leptons sre hard tc distinguish. However, when productica cross—sections are

considered, there is the distinction that neutral heavy lertons are produced

through weak interactions only, which may easily be distinguished from the
more copious quark production Dossibly 21033 - 10732 e2® , More important

is the distinction thet slow and long-lived (1 3 10-]'0 sec. } quarks
(not being sbsorbed by normel hadronic matter) should scatter against nuclel
with eross—sections wlO-Z’r em2 s something unattainable for heavy leptons.

5. Fermiemass metrix, the weak geuges: Tow we exhibit certaln new
complexiong In the weak gauge interactions which srise due to the presence of
both F and F'  end point out, in particular, thelr implications in w¥

: . ' P
scatterings.Sp]iitting FL,R and FL,R %n‘.to valency doublets FlL,R = n)L,R

. L}
and F2L,R ={x L,R and similg.rly FZL,R g.nd FZL,R s the Fermi-mass
terms would take the foim: :
: ' 2. _ _’}(__r
Fross = 2 [Qq&-ﬁ@ Fie+bij Fan 49> Fip
\ <,4eq e ‘ . :

€ = it [ | - c ‘
+- 1‘1 Fi..L FjR '1'6_;_5 F't‘-L ij +.|-|. ] .

)

Here (¢ »'s are vacuum expectation values of appropriate Higga-Kibble

fields eand aij s bi,]' Eij . E.’:.J are canstant parameters 1 . Note that
<¢> can induce familiar Cabibbo mixings between (nL,lL) R (nﬂ,AB) etc.,
while €, €' terms give rise to F~F' mixing. (Note &4 €' would
Induce P and CP viclating mase terms.) In the presence cof both types of
mixing, the SU(E)L x SU(2)R wesk gauge interactions, expressed in terms of the
disgonsl Fermi fields AT B in general ieke the form (suppressing a,b,c
colour indices):

2
_— — | -
jw = % Z [FT:L(G))T FT'-LCQ) +Fiﬂ(®)T F{R((D)—J.Wi
<=1

+ {Leptonic Terms) + (Lo R Wy—= W) .

1
where F, (®) and F (®) sare the rotated doublets,in general in-
iL,R iL,R
volving femiliar Cebibbo angles {GL P) and eight angles (¢,£,6,n)1 R
z ) - g Al 3 o M 2
speeitic = to  F-F mixing between (P’pr)L,R (nc’nc)L,R"”
refer to these as "skewness" angles, [ For example, after diagonalization,

We shall

p+rpecosd+ ' sind and p' > -p sing + p' ccsd , ete., © denoteg Cabibbo
roteted fields.) In the 1imit of 211 skewness angles —0 , we recover the

"normsl” theory with no special effects arpesring due te the presence of

[



mirror. However, F-F' mixing can give rise to intriguing possibilities;

two models are listed below (where, for simplicity, all left skewness angles
are set egual to zero).

Model I: Allow  sxewness angles ¢R and nR to be nearly ma.ximalls]

{i.e. PR pR ené X XR), the W and W gauge boson couplings are:

B TR G e + G ]
. W [Q:"c)R 7?L:c)a * (:E)L + (}\DL]

In addition to the familiar week interactions generated by the lighter W
mesons, the following new features erise:

a) Above threshold for production of heavy mescnic n'p , n'f and

baryonic (n'qq) composites (relevant for X =mall), the right current

T Y {1+ 1'y Jp coupled to 'n’l gives rigse to & l-independent term to anti-

neutrlno scatterlng eross-section 4 U(\J + N - p + X)/dx dy within a parten

model context, without making an analogous contribution to neutrine scattering
This, together with the contributicn from the familisr V-A current p‘( {1 - :»YS)

(vhich leads to distributions proportionsl to f(x) anda f{x) (l-—V) I‘or

v and V , respectively), gives a simple expla.nation of the observed anomaly 9]
in {v,V} charged current scattering processes. These show that

for small ¥ < 0.1 , both v and vV distributions are nearly independent

of ¥y , contrary to the expectations from the simple (V-A) theory.

b) The neutral weak boson ZO in the presen‘totheory is coupled to

the following hadronic current in the (p,n} space: g2 (p,n) =={1/2)
(5\’”13 - HTLEYSn)' This viclates parity and hes vector I = 0, 1 and axial
I = 0,1 pieces,

¢} If x is heavier than mirror A'
decay into

s D and F particles could
{2'P} and (1'%} composites plus pions ({in addition to the
familiar (K7) and (KK) decays).

Model- II: An alternative model for weak interactions,which could arise from
Eq. (5)

Wi {(“c)l_*-(‘)c) +(“C3R°"( )j
o Nz \:(‘X)R*'( Yo+ (t’) *( )L]

Besldes explaining v,V a.nomalyqzsee sbove), this complexion for weak currents
provides an sttractive new term for the effective |ASi = 1 non-leptonic
21) Gp coseL(Eyu(l + iYS)X)&Y\Ju - 1Y5)“ in addition to
ivs i n - ° - A) .
the familiar term 8y cosBLsmBL(nYu(l 175)p)(pYu{1 i'fs) ) This

term is pure AT = 1; and is not suppressed 22) by Cebibbo factor sinb

m

interaction

Kote that the neutrsl current coupled to ZD in this model 1s pure
I =1 vector (Py, P - nY n}.

A choice between Models I and II can be made by examining the decay
modes of charmed D and F particles. Model II (but not Model I) permits
their decay into pions at rates comparsble to X7 or KE decays.

To conclude, it is conceivable that v,V scattering anomaly may

i

already be providing direct evidence for mirror 3,8 - one single concept
which appears to combine a number of disparate idems (heavier quarks, four
heavy leptons plus e natursl explenation of v,V anomaly through a mirror

helieity interchange).
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