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I. INTRODUCTION

In a recent note 1), a nonet model of leptons was proposed which
introduced six new heavy leptons and was designed to give a unified gauge
treatment of weak and electromagnetic interactions. This note is concerned
with the construction of a mass matrix through the mechanism of spontaneous
symmetry bresking., It appears that the requirement of U(3) symmetry, to-
gether with the restrictions on unwanted processes, places extraordinarily
tight constraints on the form of the mase matrix, The simplest and most
attraotive model we have besn able to construct uses two sets of 8 + 10 + 10
multiplets and appears to indicate an underlying 0(9)L ® 0(9)R gauge
structure, The surprise is that even with this large number of scalar par=

ticles there are strong constraining relations among the leptonic masses

which we exhibit below.

1T, THE U(3) CLASSIFICATION AND THE GAUGE INTERACTIONS

The three known leptons (p 'y Yy vp, e ) and the six postulated

heavy leptons (p ’ MO, M, BY, EO, ) ) are grouped into two nohets:
+ - * + +
B, B4 M, W E
— - 0 - 0
W = o~ E, p , % W M, E /
M M By g e e My/ g

where (El, Eyy EB)L and (Ml, M, M3)R are orthogonal combinations of

G o 0 0 = 2 .
(B o, v;)L and (p, M "VPJR , Tespectively ). In forming an SU(3)
gauge model of intermediate bosons (among which is inocluded the photon)

one nupt impose at least three conditioms. We list these:

a) The photon being the usual U-spin scalar,
8
A= BT W),

the other AS = O neutral gauge boson must be the U=spin triplet
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z = 300 -3 .

This corresponds to a mixing angle of 60° with reference to the

sU(2); ® uQ1 )y gauge subgroup.

b) In view of its experimental suppression, we shall require that
there be no 2ZVy interactions, Because gauge couplings of octets
are always F~type,this is automatic in the nonet model if the V
occurs only in the diagonal elements {El, By E3 )L and

(Ml! Mz’ MB)R .

o) The charged "strange" vector bosons . x* will, in genersal,

couple to "wrong" neutrinos with interactions of the type

X+(vMe-)R and X+(p+ve )L .

Since there is no experimental evidence for such couplings, we must
either arrange that the F-couplings of XE with [(ﬁ3 - ﬁl) e g and
[p+(El - E3 )]L do not feature neutrinos, or else that the ¥ are extremely
heavy, We find that the latter is difficult to accomplish with en acceptable
mass matrix incorporating spontaneous symmetry breaking; we choose to secure
the absence of undesirable charged currents by requiring the nsutrinos $o be
V=gpin singlets, i.,e., a mixture of the combinations El + E2 + E}3 and

E = 2E2 + E This then leads to the general mixing scheme:

1 3°

E, + B, + E3 = .\B[-'\Je siny + (Eo cosp + eo sin ) 00371
B, = 2B, + By = 1/3 [-vé COBY + (Eo cosf + o sin(3) ‘Biny:]

1
E, - E a 42 [-EO sinf + eo oos@]

1 3

and likewise for Ml, Mz, M3 with -_\3}1’ Iuo, MO, 3' (5’ raplaoing V1 EO,

8 ,'y ﬁ regpectively. The Me»e universality requires ¥ = 7{ and we

can at this point remark on the symmetry between WL and VR which takes
perD, eeM, v <>V, g p . Salan and Pati'specialized:’)to
= '3' = 0, We shall do the game and, further, we shall set f= 90 ’ (3'=0,
thereby identifying eL’PR with the SU(3) scalars a.nd EE,MO with the

Vespin triplets. (These choices of angles 7, ', B, (5 could be relaxed. )
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The gauge bosons are described by the ocotet matrix:

24 ‘\

T v 7

W = W é’ +J‘§-“ x°
7 © -Z +—_“§-')

and for reference we set down the F=couplings to the leptons:

i(w;'?) = =f2/3 e e (WY, y))
- ‘eA[F]}F + E.] E* -;:xe- —-“I‘?'JM-]
. = - 120 ’ 0
F vy a0y (1- by o - TAYE N R Y )M J

/u
T - ’ —— —_— v
VLT e Y i) €+ € 1y € r ety (s 17,)e°

@T a:*?/“o‘ (EB_JE v, ) €+ F(EO—EVQ)_J{WW)L
= e (D - T - — hec.
S FVZE B (- F ) M w10 - Vm—ﬁe"e“)R the

| GRFEE Bem - 2B N AE O, |
+ h.c.

> +(z?,u°—ﬁ€6‘l“\'-?-/‘ra e +ﬁ/{f‘e°)k

(B0 (€0 +43 W) -7 ¥ 7o (€043 ) M4z & M)

+h.c.

V5 e (B3 (W04 VT V) - B - (a3 v,) e va Me)

Note that the light particle combinations (/.&+\3), (e-v), Uty eTe”

ocour only for wE ’ AO and ZO' currenis. The X-currente involve at least

one heavy lepton among the bilinear Fermi field products.
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IiT. THE MASS MATRIX

If the new leptons do exist they must be quite heavy ( D1 GeV)
and one may even speculate with Pakvasa and Tennakone4 that their masses are
x—l times larger than My e We shall construct the mass matrix for leptons
with a first restriction (me’mﬂ)/mnew leptons = 0 * Since (eo,e“)R., for
example, is an isospin doublet our problem will be to ensure that
eQ does not remain magsless. What will save this particle from thig catas=-
trophe will be the arrangement by which eg belongs to the SU(3) singlet,

even though its helicity conjugate eg is a member of .a doublet.

To construct the mass matrix we shall use spin-zero self~conjugate
multiplets of 8's and (10 + 10)'s , and, as stated in Ref,l, we shall need
To stipulate that<<Ko>’ # 0O ., We shall also require (P conservation,
though this could be relaxed., Even with CP congervation, however, one may
distinguish +two types of scalar mulitiplete under the CP operation on the

Koulike particles contained in the 8, 10 and 10,

Congider the occtet first. If KO and KO are hermitian~conjugate

fields, the two cases to be distinguished are

(8) cp) &% (cpyt - £° so that {K;p 4 O
(B} (cp) KO'(CP)"l - Y s that (Ké) 4 0

{we attece a prime to all fields of olass B to distinguish them from
fields =¥ c¢lass A)., Next,consider the decuplet with its four K~like

fields 4 E:(J, = ’ Zlo and ZEU., where we can ggain distinguish between
types A and B according as
—0 0 -1 -0 A0
(4) (ce) (=7, &) (ep)y™ = (27,487
, —01  AO! -1 r—0l  AOf
'3) (cp) (=7, D™ )(cp) = ~(=7, A7

With thie preparation we are ready to write down the mass matrices.
in general, a spin-zero octet can be ocoupled in four ways to the nonets ‘VL
and Yoo o These are the F and D couplings plus two singlet couplings

(see Appendix). For a 10 + ifr, only one CP-conserving coupling is
- 4 -
o T -w7m - ::ﬂ;;,;— “gg v omre T




possible. However, since there are two distinot non=-zero expectation

values possible, <E:O> $ O and <AO> # 0 (as against just

<KO> f 0 . for the octet cage ), the CP-:conserving leptonic mass matrix

can admit of a total of 'sixarbitrary constants from the 8 + 10 + 10 scalargpﬂh
ticles, This count is for class A multiplets and would be doubled if

additional class B multipleis are also permitted.

In the Appendix we have set down all the twelve possible contribe
utions to the leptonic mass matrix from which it should be possible to
construct a maas matrlx with ar'bltra.ry masses for all the _épartioles. In
the taxt, we wish to solve the r\_ffi'é' r:i)srlor‘lo am o e%q%%rlng Zero masgpes '
for e y Vy M and large masses for the remaining six leptons, It appears
that this is imposlsible to accomplish (see App,endix) if we confine our~
sslves only 'tor 8 + g’ scalar mesons. The simplestchoice appears to be to
work with one ootet (4 or B type) plus one (10 + 10) multiplet of type vy :ggfnd)
(10 + 10) of type B, Rather than exhibit the mass matrix for this case,
we choose to take two symmetrical sets of A and B tyre mitplets (8 + 10 + 10)
plus (8 + 10 + 10) Provided that the 8's do not couple via F or D

with leptons and provided that <AO> = 0 , we obtain for the mass matrix:

i8 = S‘u[%(‘l\;6 + }_16)(1 + :'LYS)(Ml + M, o+ M3) + h.c.]

+

Se[%«(e_ﬁ g’)(1 - 1Y) (B) + By + By) + hec. |

= 0 :
., = s;[%(mo = M0)( ¥ 4Y5)(0 4 3y + Hy) + Beol]
L, 0 _ 0 .
+ Sé[vi:—(e -E )1 - 1'{5)(}31 +E, + E3) + heco)
;f(10+10)_. G[?a--p+p+—§E++FPA- +
260 = 20Y(1 = 1Y, )(E, - B, ) + Bao.  +
+g 5 3 l . LJ '

+—%(MO - ;6)(1 + iYS)(MB - Ml) + h.o.]



J— ! = -__:I- + _:-14_”7‘::5_
i(lo_l_lo)l = G [G =] M M + E'R ¥

NEROCN EO) (1- 17{5)(E3 - By ) + heo.

tofs

- %(F T YCa 1Y5)(M3 “ M)+ h.o.] .

- ]
To secure the masslessness of e and p+ we must clearly set G + G = O
—_— —
(either by adjusting the intrinsic couplings g and g' of thé 1C + 10 and (10 + 10)
— — —0
or by adjusting <__—;O> and <\_:.O’> ¢ or both, vwherse Gg(.__, >,

¢=g' (TN,

Kote that since only the combinations E3 - E1 and El + E2 + E3

{and similarly for M) appear in the neutral particle masses, this aveolds
0

the problem of‘\)e mixing with eo or E
)
Finally, we may diagonalize quite simply by taking %“ = *SP‘and

Se = S; 1o obtain the rzsult

M(po)nEFS‘u ' n(e’) = 24T 5, s

m(MO) = m(EG) = 2420 , m(M ) = m(E+) = 2G ,

Tor the W masses the spontanecus .symmetry-brsaking mechanism gives
Loy = w2 W & x4+ 22 o 27° |
m 8 2
* Méz[‘.-I+W- + XX+ 2x§ & 22° ]

2 2.0 4 o= o= 2 2 . ..2 0
STy MW TR 4 X 4 XG4 22 4.

fote that the "strange" bosons ¥ are usefully, though not excessive-
ly, heavier than the "non=strange" Wt , Also note that Z mass is twice the
W* mass which (on account of W(aw) y (VW ocoupling constant being exactly equal
to the electromagnetic)must egqual 53 BeV, as remarked in Ref, 1, provided we
epecialize to Y = Y e 0 (x = ofa =30° of Ref.1l), Since there are only
seven heavy W's in the theory, only seven combinations of the scalar
particles can be geuged away. Thus for the purposes of the present model,
one should assume that the masses of the scalar particles are very very
large, in orderto suppress undesirable transitions proceeding through these;
(mw/m¢s.¢< 1) » A better model can be constructed, using an OL(9) x OR(9)
symmetry, where all the offending scalar particles introduced can be gauged

sway. We shall discuss this elsewhare,
-G -




APPENDIX

Hore we lisl the couplings we have not used, These may be of wvalue
if one wishes to include arbitrary values of 111e and m, +» In this paper
 we have taken the attitude with Weinberg é) that these should be obtained

from radiative corrections,

1l. A-type occtet mass terms

Img(y) = Flo%e™ + 1w - B8 - 5" 4
+ 200%-50)( + 175 ) 01, = 13) + bao.
+ —gl—(eO - EO)(l - :i.;)(s)(m2 - Ey) + h.c.]
+ D [;6;- +‘ﬁ=M" +-£:E+ + ;$p+ +

+-%(ﬁ6 + MO)(l + i'{s)(M2 + M3) + h.o.

+»%(;6 + EO)(l + i15)(E2 + E3) + h.c.]

+ S~terma given in text,

2e B-type cctet mass terms

Ligtp) = P[0 - T - e -
- %—(N'I—é + FO)(I *'iX?S')(M2 - MB) + heCo
+ 3% + 29 - 11,)(®, - E;) + Bec]

+D lee -1 u
- 200 = 10)(1 + 1Y, )0 + Ky) + Buo, o
+ 50 - A+ 1%)(E, + By) + huo. ]

1—S£terma given in text, ]




0
3¢ A-type decuplet mass terms for <h )4} 0
L

t;fm(t‘ow—o)(‘{’) = GA[EE*-FM LT L

(E - 8 )(1 E 175)(E1 - Ez) + haee,

ol

s

-+

300 =101 4 501 - 1,) + Bucl ]

+ G terms given in text.

!
4. B~type decuplet mass terms for <A°> $ 0

I:h('°+ﬁ)(lr) = G;L{-E:FE-F ~N N 4 e e = MR L
+'%(£br+ eo)(17+ i}é)(El - EE) tbio. -

,1,(‘&5 + MO)(l + i}’ﬁ)(Ml - N, ) + h-°~]

+ G terms given in text.

A11 of these contributions arise by giving appropriate K-like mesons

non-zero expectation values in the coupiings listed belows

) = TG0 Vel + ¢ DR, v
e oam(@{T e + P Ty
b osy(tr ¢ Ty + & i YLS)
v s 0z Py Tey + Tr P T e d)
voifr (¢ [P w1 - ¢ (e, vl 1)
+ o 1aTe (9 {9, vel =~ ¢ [P, i)
v 18, (0r §' Y g~ T Pr T &)

-8 =




+ is;‘('I'r $' ?R. Tr ¥, - Tr ﬁL T ¥, ¢
+ g(§ (WR‘PL + JL UIR) € + E(TFLVR t 1?;\ WL)G)

+ ig' @I(-‘f’_n VLS PLWRIE - '@ v - Fawe)

.+ Here ¢ = é: is octet and ¢ = é(abc) is decuplet and
& stands for the symbol éabé . Note that K%
do not couple F~wige to My and eV combinations but that AT and Z7
do, like M+ and X% , Thess interactions can be suppressed by making
' the moaelar meson masses enormous, and the same mechanism will Be needed
for neutral scalar interactions like ZSO(;%M+ - ;=e-), eto,

Note the following patterns:

1) For A~type couplings of 8'a and 10 4 I0ts the combinations
(oe-hp) and (MM-EE) occur with the same sign, while for B~type
couplings the relative mign of these combinations is reversed,
Thus in order that (ee=ppM) mass terms have a different coefficient
from (MM~EE) mass terms it is essential to admit both A and B-type

couplings.

2) TFor the D-type couplings it is the (Se+Pp) and (MM+EE)
combinations which occur in Sfm . These couplings will then Dbresk
the e=p and M~E universality induced by F~type octet and 10 + 10
couplings., Since in the precent paper we wished to presexrve this

universality, we discarded D=type couplings.

3) One's first instinet is to try to work with A and B iype
ooctet F,D and S couplings only and to desist from including

10 + 10's, One can show quite generally that in this case masa~
lessness of e  and ;f necessarily entails masslessness of

0 0
e or U o
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