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ABSTRACT

Two new mechanisms for multi-leptens in VN N , Wi and NN are
propesed; these are coloured integer charge gluon decays intoc leptons and
nuclecn aisscciamtion into quarks followed by their decey Inte leptens. The
characteristic signal of the latter in the besic model of lepton-hedron uni-
fication is like-sign dileptons in VN ; their absence in VX and devistion

of the ratio e-/e+ and W /p" from unity in NN collisions.
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1)

* -
there are three pources of multi-leptons in VN , WN , NN and e e experiments,

i. In the gauge theory of integer charged quarks and coloured 17 glﬁmis;

These are:
&) Conventional charm mesons and baryons;
b) Coloured gluona and coloured baryons;
¢) Unconventional beryon-number violeting direct decays of integer-
cherge quaerks into (leptcne + mesons) and in pa.rticu.'la.r {neutrinos
+ kaonsa).

2)

In & recent letter » in colleborstion with Sekakibara, we have noted

-+
that the we evenis observed in e e ennihilation 3)

may bhave thelr origin
in the pair-production and decays of charged red quarks and light charged
colour gluons, In this note, following the same approach, we wish to emphasise

& new source of multi-leptons 4n' Wi , ¥ and NN zcetterings: namely the

_DISSOCIATION of nuclecns into three valence quarks (with or without excitatiom

of sea quark pairs) followed by quark decays into leptoms. Since all quarks

in our model decay into {leptons + mesons) - that is,from en experimental

point of view, quarks may be considered as "lepton-meson rescnances" - this
mechanism must evenutally become the:".r nost ecoplous source. It is of particular
interest tc note that(in thé basic model)the dissocia"tion mechaniem would give
rise to like-sign dileptons (W 1) for VN but nc (u+3.l+) for V8 . We point out
several tests which should help decide unambigucusly whether this novel

possibility - nucleon dissociation and quark decsy - is already operative in

NN and neutrino scattering st present energies. These tests rely on
deviations from unity, expected from the disscciation mechanism for the ratio
of leptons versus anti-leptens in VN, N and NN .

In this note we shall mainly be concerned with our basic model 1).4)
of a unified theory of leptons and querks, but the deviasticns from unity

mentioned above hold for ell models which unify leptons and quarks. Assign
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to quarks snd lepton pairs (\«‘E,e"] R (\.\IJ LB ) the quenmium numbers B = 1,
Le =1, L =1, and defide fermion-pumber F +to egqual ¥ = B + L? + Lu
¥ 3
If quarks decmy into leptons + mesons, there are four distinet poseibllities

for semi-leptonic decays:

(1) + L = = -5l
q + meson [AF = 0 , AB = _A“e,uJ — the besic model

{z) q > T + meson [AF

(3) q + RE + meson
(AB = -AL_, AB = +AL )
Il-l + meson & U

(%) q "Ie + mescn
{4B = +AL_, 4B = -AL )
hd 211 + meson € u

n
hs}
-
&
1]
g
[
—r

other possible

wmified models

Assume that any given model of quark-lepton unification is such that only cone
of these decay possibilities cccurs, e.g. (3}. Now in NN collisions the
process of nucleon dissocietion into quarks end their subsequent decays will

clearly give le and EU signals and no Te , iu signals, leading to over-

all f-e/-i-e , EP/RH >> 1 for prompt "direct” lept.cms;5 )(i.e. lepteons which do not

aome from the "triviel" decmys - of n's, K's, hypercns etc.}, 80 far as

this mechenism is concerned.

For the four types of unified theories listed asbave, the expectations

for NN fromdisscciatjopof nuclecns and subsequent deceys of querks are:

ES I A 113}/?H 1,
(2) R’eme . Eu/£u<< 1,
(3 ze/E;'» 1, luﬁ:u« 1,

(W) £efie<< 1, zu/zu« 1.

The net deviation from units of the (8/1) retio would of course ‘depend upon
the relative strengths of disscciation versus {non-digsociative 6)) sources

of prompt lepions.

To sharpen the idems, in the rest of this note we conecentrate on csae

l),with AF = 0 , AB = -AL . For thie model we

{1), i.=. the basic model
have constructed the detsiled gauge theory, and for this reason, we cen give

the detailed predictions for <quark decays. (This is not to say thet neture

may not prefer the other models, (2}, (3).or (L}, though we harbour a prejudice

that this is perhaps wmlikely.)

2. In deteil and for illustration, the eruciel points of the new mecha-

nisms sre the following, 50 far &s the basic model with AF = 0 , AB = -AL

is concerned:

1) Yellow mnd blue quarks decsy a8 a rule inio neutrinos + mesons,
ii) It is only the charged red quarks (n;,?\;) which ean decay
into & charged lepton (£ +V + v
: 1)

+ +
3ii) TIn the basic model ' thére are no quark decays into (e )+
mesons 6), nor any (non-electromagnetic) deceys into two charged ‘plus one

neutral or three charged leptons + antl-leptons.

iv) One of the twe lepton paira (\)e ,e ) or (vu.u') is strange.

Strangeness is conserved in |AB| # 0 quark decays, meking (X + meutrino)-

modes fairly copicus.

v) For charged coloured glucn decays, the branching ratic of deceys
into leptons is ratber high (typically 20 to 30% for either e or uj,.
" vi) For semi-leptonic decays of charged coloured gluons, K's snd T's
are not produced singly but in pairs.
<hm

-

-
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3. We list below ti:ae expected decay modes of charged coloured gluons ‘.Yi
end quarks in the basic model with AF = 0. We assume, for the sake of

definiteness, that the colicured gluons are the lightest coloured octet mesons,

Since one member (.@' v3 + Va)/z of the coloured gluon octe‘c V;'Y N V;B .
- . + _
‘ID’O N VS N VB) must be produced in e + e experiments, with a narrow width

YB
of a few MeV, we suggest that vector gluons V;Y.”‘ N V;B may heve masses 1in

the following neighbourhood:

a) 1light gluon, in the Prascati region 1 - 2 GeV,
OR b) heavy gluon in the SLAC region wh.1l Gev.
Correspondingly, for quarks we shall consider light quarks (mq & 2 - 3 GeV)
or heavy guarks (mq:z 3~ 5 GeV), These are physical masses outslde of the
nueleon envircmnant.s)
A. Decays of charged colour gluons (V;Y, Vi
These decey on aceount of their {spontaneously.induced) mixing with

the charged weak gauge bosons Wt , the mixing parameter being completely

determined within the model. The inclusive hadronic versus electronic and

muonic branching ratio is 3:1:3 , for sufficiently massive gluons {3 3 ceV),
for which a light cone or parton model enalysis is valid. For lighter gluons
(1 - 2 GeV}, we expect hedronic versus electronic branchipg to be smaller then
three - poseibly of the corder unity - on account of limited phase space, which
restricts hedronic chennels. For details see Table I. HNote the crucial 4

difference between cclour and charm - the leptonie branching ratio of colour

is larger ER {by & factor«2 to 5), and K's are produced in pairs (net singly)

even in semi-leptonic decays.
E. Quark decays

AB emphasised in Ref.2 and in See. 1, red querk decays are
erucislly different from yellow end blue quark decays. There are four 4ls-
tinet cases for ;ed quark decays depending on the relative masses of quarks
versus glucns and of red guarks versus those of yellow and blue. The resulis

are sumarized in Tables II and III.
i - -

In summery, only the charged red quatks can poseibly te the source of

1}

cherged leptons in the basic model with AF = Q .,

L, Conventicnal sources of multi-leptons in N and VN scstterings:

First consider the conventional mechanism involving either single production

of charm and cclour or pair production of chaz-m, colour or qua.rkl.
{a) V+N + p+D +X (charmproductinn s 10%)

+
W or ef 4.2

.A - '+
(B) AR B A D {eolour production % 10 to
o . 15%)
i vu) or (e ve)
e s e +T) +x
1 7 ~N

(=" or, kadrons) (& or hadrons}
(0} e ey o+ YD) ex
(R.+\JE or hadrona}{E—Vi or hadrons)

(E) > el + Y +x. .

(W7 5Lj or (T.}-r!.++v'!; Jor
{vthadrons] = {V+hadrons)

in the above (D, 3) and Vi are only. symbolic of the family of charm and colowr
perticles with similar Internal quantmn nuzbers. Note that:

1) We expect single production of cherm end colour (A and B) to exceed
{perbaps by an order of megnitude} pair production {c,p,E} both on energetic

grounds and from the fact that sea is relatively unimportant compared with

valenee,

2) Single production of cherm end colour {A and B) should thus primarily
10) ~ # - +) in

‘be responsible for production of unlike-sign dileptons: (' end w e

oK and (WY and uw¥e")in YW . Folloving partan-model based celculetions,

ve expect for both {4) and (B) (E, _y>> <E +) for VN as vell as large

inelasticity in eeccord with ‘the da:ta-lm. f.‘ontrut

this with phenomenological lepto-hadron models, where this feature is not




3) Following familiar estimstes, charm productlon ratis is sxwected 4o
be of order 10% {corresponding to the "weight™ of the sea), while ihe leptonic
(e or uj brauching rstio of charm particies is expected (5 ~ 10)%.  This

yields
I_U( - +) L. -.)_] 1
JIH ) g /TR How t?- tol} % ,

which by itself night he toc low compared with the data.m)

4) Within the gauge theory approach,l) perton-model besed estimates 12
suggest colour production retic at Fermilab energies w{10-15)¢ (with colour
threshcld 22 to 4 GeV); while the leptonie (e or u) branching retio of colour

particles is %20 to 30% (see Table I), This yields

Ex{u‘f)colour/c(u')] % (2 to 4}% .

This larger (u—u+) rate appeers te be more compatible with the present datalm

than the cherm estimste {by itself;.

5} In N , like-sign dileptons (W 4,2 e ) and trileptons (u-u-"u_,u’e*’u-
ete.} can erise from pair production of cherm, colour or quarks (presumsbly
with small x characteristic of the "sea"). Like dileptons arise from one
member of the pair decaying leptonically and tﬁe other non-leptconically, while

for trileptons both members of the pair decay leptonically.

For the pair production mechenism mentioned above,
charm with its leptonic/non-leptonie branching ratic :lllo(versus a ratio
=1/3 for colour) might pessibly account betterltr)forci(u_u+u_)/U(u_u-) , which
experimentally appears to be £ 1/10 (with essentially no . trimuons seen).
Eut any pair production hy'p;)thesis (charm, eoclour ox guerks) may
come upon a dilsmmae from the retio of G(u+p+) from VN versus ofy 4 )
from VN . IT peir production from VN and VE has the same rate, (B u }-
showld be as likely as (T )‘.; . It is too early to say yet if the pre-
lininary experimental estimates of these processes are iikely %o pnse a problem.

dissociation
However, there is & totally different[mechenism which has the festure that it

T

vperative in addition ‘o any pelr productien mechanigm.

{¥} U+ peutron + 1 + virtuel W + {a

T TN R W T e W I E e k|

. 1 ey
does not give (llvij‘*)v ¢» Ltrileptons in elther VN or WA . This may be

5. Deep inelastic nuclecn dissoeistion Into gquavks and guerk deceys & &

source of lepioms: Consider the following mechenism:

g - +
+
y T TR
- -+
+ +f_py+nr+p.b)"’x
- . +
el om ) + V) 4 (v )+ X

Fote that neubron's disscciation into velence quarks plus their AF = 0 ’

decays yields:

- o —
(Wp" ) din wN , and {pu }'s in VE

but N ':11+].1+)'5 jn V& , HNOR eny trimuons. This is because charged red

quarks - the only somrce of charged leptons - ceannot go into e+;‘u+ but enly
into e ,0 . Thus all (wi™)ts in TH must be sttributed to sea guarks
or associsted productior of charm fpr colour).l We can make the statement strong-
er: Sinee
) e tuuT)

dissccialion digsnciation =0

while we expect

Tk, V- - . . . g
IEJ W) e lwu ﬂaasociated production X l——L-—B +:+ ‘f 5

vhere €& denotes the sesa (V + A) contribution relative to valence (v-A)
contribution to aspociated producticn {which may be dedﬁeed from measure-
ments of x distribusticn of the like-dijeptons), while g' denotes
essociated production due to eolour current. Thus if the rate of (H-'I\l—)vn

is found to exceed that Of (1,1+u"')‘_"]YI Yy & factor larger than’3 (for exsmple even )

it would be strongly suggestive ot the dissociatlon mechenism being a
significant source of the like~sign dileptons for vN . Another test 1s the

x distribution of W W . Those like dileptons which. originate from "yalence
guarks (from dissociation) will probably exhibit a different x distribution frem

those arising from pair production, frop the (yalence + gea + gluoms).

a— =

i

=T

——



(K) i+ l._i-e+ +K's :

{6) ¥rom the wniversality of - dissociation we expect

’ - -
‘-u— L I la w2t neutron + u @+ Xi

b"- t8> lJ- MR dissot. v+ neutron > 1+ X —]dissoc.

() In the deep imelastic p.p scattering process where one tags B

2
frinasl state proton, we may expect (ir Iq ] and MN‘J are as large sz in WN)

- + +
perrprln,  vp tp)vX wt o+ o+ x]
- Vv 4 neutron - | : -
' " dissoc. . g 3

Pap+P +all v + neutron * W+ X

The last estimate (10_3) is the present experimental nuuber cbtained

from the rate of (8 ) production in neutrino scettering agsuming it 4g all

due to dissocilation.
(€ p! In B-N collimions, one source of prompt e or Y 's 1s nucleon

dissociation followed by red valence quark decay. Since (with AF = 0) this
-+ -+

goures Will not yelld e+ or u+ ‘s , we expect e /e , U fu ratio > 1

from this mechanism,

. )
It is provocative that for the low P’I‘ region CHORM 5

group report an incresse of en order of megnitude in abzolute lepton ylelds -

an incresase, unexpiained, to our knowledge, by any known mechaenism,
except copious photon production. Since such & mMechanism
must exhibit I , &7 symmetry, it would be interesting to examine
E-/i+ ratio in the CuUnRM reglon for possible hints of dissociation
mechanism with its inbuilt ssymmetry for l“/f ratio becoming important et

low By - What is cleariy needed is m theoretical study of dissociation for
partially confined quarks &s e function of Pp 4 BE well sas an estimete of
what asymmetry in 4/t° may be expected from copventional AB =0, AL =0
mechanisms.

12) In our model, & nev mechanism for these events

involves production of real (cA) quark pair from the (AX) pair in the zea

followed by quark decays to le]ﬁtons:

v+ (A:I:).el -y c;X: -y o+ {13 etv) ('VKO) .

+ 0
i T
Using (cy -+ }‘y

retic {due to sea) % 10%, the expected rate of these events wight be o 15,
5]
-2

Note that such & mechanism enhances”

+ - . .
+e + ue)/I‘(c; + A11) v 108 (see Teble II) and & production

the relative prnba_i)ility of gingle and
multiple K associated events, whitE sesms to Be the trend of the data%z)

(M) Multi-leptons in el or pN dus to colour production: For these pro—

cesses, the volour current exchenged is neutral with no net colour quantum

numbers.  Thus there is the possibility of either producing & single soloured
colour-
state with ‘thelqus,ntm nurbers of the newtrsl colour glucm o° =‘(-‘7§'V3 + VB)I‘Z

. . -
or charged colowred particles in pairs (e.g., V ¥ ), i.e,

;J+N+u+U0+X,

or U+ N =+ u + V+ + ¥V o+ X
s . 1
2% or {hadrona+y) Wy e U
Leptonic branching ratic for the neutral colour gluon is rsther small (~.' 10_3).

For this reason, even though we mey expect O(V+V—) " (-i%-‘u 3—2]'-)0(110) , pair

production of colour is expecte;i to be the more voplous source of multi-leptons.

13)

Teking inclusive colour production ratio at Fermiled energies to be

- - F - - - - -
%10 to 15%, we estimate y~ : wu : wpteT u*e #2110 3 : 1/3000 :
1/300C ; this is compstible with the recent Fermilsb anta.l!') Hote that

colour-pair production sheuld lead te & tri-muon to dimuon ratio % 1:3, vhere
85 charm-pair production should yfeld #1:10 for the game ratio (assuming
cherm leptonic (e or U} - brenching ratioc to be® 10 £).

To concliude, two new mechenisms (with thelr characteristie signe.tures)'
heve been propesed in this note, for multi-lepton production, which mey pos—
8ibly be operative at present experimental energies, depending on the masses m
of gluons end quarks and their producticm retes, ‘These are coloured glucn
decays and nuelecn dissociation into iﬁte.ger-charge unconfined quarks, which
in their turn deemy into leptons with AF = 0 .  The DOGMA of confinement
forblds colour gluons and quarks from showing themselves s» physizal particles.

Hovever seductive such a dogma may be on theoretical grounds, vwe feel that




in the end, confinemept or not, is an experimental question which can only

be setiled in the laboratory. Among the many testable consequences, we re-

emphasise the importance of messuring like-sign dilepton rates in wF versus
- - + o s
V6 and rates of (e or ) versus {e or p } in NN collisions.
REFERENCES ANL FOOTHOTES
1) J.C. Petl and Abdus Salam, Phys. Rev. DB, 12L0 (1973); Phys. Rev.
Letters 31, 661 (1973} and Phys. Rev. D10, 275 (1974).
2) J.C. Pati, Abdus Salam and S. Sekekibare, Phys. Rev. Letters 36,
1229 (1976},
3) M.L. Perl et al. Phys. Rev. Letters 35, 1485 (1975).
&) In madel {(2) with AF = 2 , AB = AL , one mey,on the contrary, expect
q; . q; -+ E+.H+ + mesons and no e ,U + mesons. (Thus in Sec.5,

i + + + o+ — .
consistently substitute qb,qy - I} L + ¥ ms_tead of

Gyl Y and q * e ,0  as & heuristic guide to predictions of
model (2}, though as emphagised in the text we have not yet examined
any except the basiec model in eny real detail.) What would be
treglic Is if both AF = 0 |, &F = 2 amplitudes are equally sirong
and contribute to gquark decays, such that the ratio 2/ conspires
to be unity. This will be an unlikely accident.

5) L. Lederman, Proceedings of the Sympésium on Lepton and Photon
Interactions, Stanford, August 1875.

é) The prompt leptons arising through (po,mo,qa , Jfw, Do, DOI:G, ete.)

or direct Tirtusl photon ere all (#-%) symmetric. There are,however

L)

other agymmetric sources involving asscciated production.

+ + + +
’
Iy In the past we used the notations VE, and Vo for Voo end Vo,
respectively.
B) The effective mass of a quark inside a nucleon may be much lighter

than its mass outside the nucleon (Archimedes effect), ob account of

partial confinement.

-11-

9)

- 10Y

11)

12)

13}

14)

i5)

16)

Since ineluslve hadronic branching retic of charged gluons 1 ~30%

not 8ll of which include three or more charged pe.rticlés,‘the congtraint
j{b‘i Ny ¥ 3)/(Ui ~ W, = 1}] < 0,3 for the source {U} of the muon in the
inolusive muen experiment (M. Cavalll-Sforze gt ad. Fays. Rev. Letters

36, 568 {1976)), proposed by G..Snow (Phys. Rev. Letters 3€, 766

(15763) 4s emsily met by the quark hypothesis for the ue evenis

(Ref.2).

A. Denvenuti et al, Phys. Rev. Letters 34, 519 (1975); 1ibid. 35,
1199 (1975); ibid. 35, 1203 (1975); ibid. 35, 1249 (1975).

See D.P, Sidhu, J. Smith and J.A.M, Vermsseren (preprint 1976} for

reference on these models and their consequences for dimuon preduction.

Adding the rates of u—y+ (Ref.10) and 1 e'E events (J. Von Krogh
et s1. Phys. Rev. Letters 36, 710 (1976])), which cover differemt
kinematic regions snd assuming {u-e} universality, the like-sign
dilepton rate appears to be »2% . 1f the bulk of the ].l-u‘. events

are due to two-body leptonic decays of coloured giuons, then the
leptonic pp distribution would appear to suggest a light mass
gluon - perhaeps ms light as 1 GeV, {Private commmication from
R. Phillips.) ;

J.C. Pati, Talk presented &t the Northeastern Univeralty Conference
on Gauge Theories and Modern Field Theory (September 1975, published
by MIT Press}l; '

D.P. 8idhu, R,N. Mohepatre and J.C. Pati, preprint 1976.

If this is indeed the case, we may infer that the lightest charm mass
mey be somewhat lower than the lightest coleour or gquark.

A pumber of e 's accompanying j,f"s in v¥ may also be attributed to

the possibility that quark decsys msy obey 4B = ALe = —AI;]]‘ so that
charged yellow end blue quarks decay into poeitrons * mesons [but not
positive mmsﬁ mesong), while charged red quark decay into negative
myons + mesons {but not negative electrons + mescns)., The accompaniment
of simple kaons with positrons may be understood &8 being due to e+'s

being strange and mupns non-strange in this model.

K.W. Chen, Michigan State University preprint (MSU-CS1~33, May 1976).

— P

T

-

L g ==



Zabie 39 -
. . ]

Dec of cherged colour glucne !
‘ . _ — Y
m, & 1-2 GeV m, 7 b1 GeV ' -1 & o‘o' '“3 m§ iilhi
+ + " " - % § '-I{ Ek]
. +, B ! 3 2 + + o ’ o !
(_Vﬁg?ﬁr)‘-» eV, _ (30 + 5)% % 18% - o - A - p : . § :
I S : o - o o
- ' (30 & 5)% w16% Y, ] O™ . 2 o 3
! CH " * @ @ o 2
+ Tm, 3Im, 4w, 5%, EE... (30 ¥ 10)% %= 54% e m 1 § § — §
- ) o © M oa
+ Tmev, KKev, rnev : {1 to 5)% ={2 to10)% ] )
. o |
# 7ev » Kev . nev forbidden (n) | forbidden (a) =
" . E -
(a) The %ev and Kev modes are forbidden {relative to the ! g o
] = —~ ;
allowed modes) by I-spin end strangeness conservaticns, 5 E - 2 £ £ e § !
\'2 —r d
~ respectively. The nev mode is forbidden by su(3) and sU{3)'. N - a * =¥ s o
ECLY s ey ; - a + ' = 'g
% These decay modes apply subject to the mssumption that the colour gluons ‘:’ v & o TNY F & H %m "l‘
! ™ o + o+
are the lightest colour-—getet atates, ql oo B Ih + + o+ o a .29
. . . — = =) (=3 1 1 A A )
- Table II 18 v v v 'z + 4 é 3
’ o + o+t 1 b
o [=] -
Tuorbody decays of yellow and hlue guarks in the basic model [AF = 0 , AR = —AL) 8 1 s ~ DR i
T———— : ‘ 2 o Ca 2 &
+ ~ [ —
. ®»
Py YVt {mm) oy +K (s} ?.'4‘ E R F
6 L 4 o 2 )
ae, * v +{mn) i v +K et IR i
¥k e H 5| = >
o o
=10 ]
o] . ol — — @
X + v o+ EU . v+ ] [3) 2 ”
¥ o0 e e Tl § &= - ,u ﬁ § T
+ - o 0 & ~ “e = ~
TRt e Byt T (b) MRS + + 8 8 '
. + ' + wigigs S S, : D
Cyp T Vet P oy tF {e) B ' X ; g § A
+ 10 0 - T {v} %’. o °+" L ’ ) wh
wpt T3 Byt T ¢ - s
: o .
11 ~12 - ’l g g
T{y.b) ~ 10 t to 10 sec - for m_ 22 to 3 GeV (4) 'gi = e ad H
-t . A S Pep g T 31T 33 |¥
‘ o ; : . & o a2 49 2 _ &
(a] Assuming @.V]_JI ave gtrange. If C.e.vglr are strange appropriastely 2 }, . & A l+ :- L A Lo o S % 9
interchange K's with ¥, n's in the above table. | ¥ A a” - o + ’ 3 : : : : “’p !
o T + - -
{b) M¥ormal non-leptonic weak decay. Ye have not exhibited semi- (8 J g o 5 95> S0 SO b LM O O o
+ 2 + T o v 4+t + 3
’ o8 ] P + 4+ 4 + + —~
leptonic weak d..ec.ays (e g Sy Ay’b +e + ve)., we astimete l : ° o ) s o + ®
that quch.deceys mey have @ Wranching ratle ~1CK for charmed augris. ! e
{c) Masses permitting. These modes might be relatively suppressed
if D and F are heavy compared with charmed quark.
(a) 'r(qy_h) . headly  propovtlomal to ,mi v Lifetime egtinateg
<1k

tneluge Miltf-meson modes, Viich are important.

-13-




'Bsotation: = _ dencte masses of red, yellow and blue guarks. Vi stands
Fatll st iy s .

for the charged gluons V':& or ViB . The lifetime estimates assume quark mass
~2 to 3 GeV. Only two-body semi-leptonic decay modes are listed tn the table,

wherega the 1ifetime estimates of course include multi-meson emission.

{a} Hormal non-leptonic weak decays;
(b) Perhaps dominant;
{e) AB =0 decays dus to ¥V - W mixing;

(4} For an extended symwetry-(suck as SU{4) x SU(k) x sU(L)' x 8U(L) '),
this large factor (mg/mv) is absent and other decay modes ere
availeble. Inclusion of Higgs m_esqn_ccrqtﬁ'bu‘tions {which we
have ignored} can also somewhnt nlter the decsy pettern end li:‘?’f:j"“}?
depending upcn thelr masses.
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