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I . IOTROEUCTIOBT

1 )In a r e c e n t n o t e ~' t a none t model of l e p t o n s was p roposed which

introduced six new heavy leptons and was designed to give a unified gauge

treatment of weak and electromagnetic interactions* This note i s concerned

with the construction of a mass matrix through the mechanism of spontaneous

symmetry "breaking. I t appears that the requirement of U(3) symmetry, t o -

gether with the restr ict ions on unwanted processes, places extraordinarily

tight constraints on the form of the mass matrix. The simplest and most

attractive model we have teen able to construct uses two sets of 8 + 1 0 + 1 0

o(9>R gaugemultiplets and appears to indioate an underlying 0(9)T

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.

II. THE U(3) CLASSIFICATION AND THE GAUGE INTERACT ION'S

The three known leptons (JA+» V + v^, e ) and the six postulated

heavy leptons (u , M , M ( E
+, E , e ) are grouped into two nonets:

M E

M

E1

E

3 ' e° Mv H.

where (E., , E?f E, )T and (M- , M2, M, )„ are orthogonal combinations of

(E , e , V )T and (fA » M , ^ix)-a , respectively ' . In forming an Stl(3)

gauge model of intermediate bosons (among whioh i s inoluded the photon)

one snust impose at least three conditions. We l i s t these:

a) The photon being the usual U-spin scalar,

A - -

the other As - 0 neutral gauge boson must be the U-spin t r ip le t
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2 = - | ( ¥ 3 V T )

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

^ ® TJ(1)T gauge subgroup.

b) In view of its experimental suppression, we shall require that

there he no Zvv interactions. Because gauge oouplings of octets

are always F-*fcype,this is automatic in the nonet model if the v»

occurs only in the diagonal elements (E-, E 2, E.,). and

(Ml( M2, M 3 ) R .

c) The charged "strange" vector "bosons X* will, in general,

oouple to "wrong" neutrinos with interactions of the type

X+(vMe")R and X+(/v

Since there is no experimental evidence for such couplings, we must

either arrange that the F-couplings of X* with (M- - JL ) e L, and

[_JH (E, - ̂ T)JT. d o no* feature neutrinos, or else that the X are extremely

heavy. We find that the latter is difficult to accomplish with an acceptable

mass matrix incorporating spontaneous symmetry breaking; we choose to secure

the absence of undesirable charged currents by requiring the neutrinos to be

V-spin singlets, i.e. a mixture of the combinations E., + Eg + E, and

E. - 2E2 + E, . This then leads to the general mixing scheme:

E, + E 2 + E> = <J3 1 " 6̂ ain^ + (E O O S ^ + e sin, + E2 + E> = <J3 1 "^ a in^ + (E OOS^ +

E. - 2E2 + E, - •Jl [ V cos*jf + (E cos(i + e sin^) s i n y ]

e° oosf ]

and l ikewise for 1^ , M2, M, with "Vjy, J U , H , ^ ' , p ' r ep lac ing VQ» E° ,

e , y , (5 > r e s p e c t i v e l y . The jd*-*e u n i v e r s a l i t y r equ i re s Y » y ' and we

can at t h i s point remark on the symmetry between VT and VD which takes
— i 31

pL *-> E , e <-* M , V *-> v^u.t (i *-> $ * Salam and P a t i spec ia l i zed ' toJ 0 1

*Y =» "̂  «» 0 . ¥e s h a l l do the same and, f u r t h e r , we s h a l l se t ^«- 90 , f = 0 ,

.thereby iden t i fy ing e^ f^ with the SU{3) s c a l a r s and EL»MR with the

V-spin t r i p l e t s . (These choices of angles ^ » l'i $ > $' c<>uld 1>« r e l a x e d . )
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The gauge "bosons are described "by the ootet matrixt

2A

JL

x°

\

/

and for reference we set down the F-couplings to the leptonsj

e Tr(w[v,Vl)

T 1

V3

E ° -
+ kc.

eX - ( - t t .c .

v . c

Note that the light particle combinations (^+V), (e"vj, /J+/^\ e"e~

ocour only for W* , A and 2 currents. The X-currents involve at least

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

If the new leptons do exist they must "be quite heavy ( >> 1 GeV)

and one may even speculate with Palevasa and Tennakone ' that their masses are

X times larger than m^ , We shall construct the mass matrix for leptons

with a f i rs t restriction (m ,m.j/m . . rt , Since (e ,e~)^ . for
^ e /v ' new leptons a 0 v ' 'R •

example, i s an isospin douhlet our problem will "be to ensure that

e does not remain massless. What will save this particle from this catas-

trophe will be the arrangement "by which eT "belongs to the SU(3) singlet,
0

even though i t s helicity conjugate • e« is a member of a doublet.

To construct the tnstss matrix we shall use spin-zero self-conjugate

(irultiplets of 8!s and (10 + 10)'s , and, as stated in Ref.l, we shall need

to stipulate that ^K / ^ 0 , We shall also require CP conservation,

though this could be relaxed. Even with CP conservation, however, one may

distinguish two types of scalar multiplets under the CP operation on the
0 ——

K -like particles contained in the 8, 10 and 10,

Consider the octet f i r s t . If K and K are hermitian-conjugate

fields, the two cases to be distinguished are

(A) (CP) K° (CP)"1 = ~K° so that ^ K ^ f 0

(B) (CP) ^'(CP)"*1 - -K°' so that <^K^ 4 0

(>re atti.Oii a prime to a l l fields of olass B to distinguish them from

fields of class A). Next, consider the decuplet with i t s four K-like
„. . -. -i) rr* 0 7=^T A 0 , /TO" . . ,. . . . . . ,
fieias - ' _̂. , t* , i\ and ti , where we oan again distinguish between
types A and B according as

(A) (OP) ( 3 ° , A0) (CP)"1 - ( S ° , A° )

•n) (OP) (S°\ A01)^)"1 - -0s', A5') .

With this preparation we are ready to write down the mass matrices.

In general, a spin-zero octet can be ooupled in four ways to the nonets

and w . These are the F and D couplings plus two singlet couplings

(see Appendix). For a 10 + 10 , only one CP-conserving coupling is
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possible. However, sinoe there are two distinct non-zero expectation

values possible, \ C J / + Q and <^A ) / 0 (as against just

\K / / 0 for the octet oase^the CP-oonserving leptonic mass matrix

can admit of a total of six arbitrary constants from tie 8 + 10 + 10 scalar par-

t icles. This count is for class A multiplets and would be doubled if

additional olass B multiplets are also permitted.

In the Appendix we have set down all the twelve possible contrib-

utions to the leptonic mass matrix from which i t should be possible to

construct a mass matrix with arbitrary masses for all the partioles. In
x v ^ ^ . i. • a. , xv v^nd_ju^riM.n&lx_4ifj:icul^

the text, we wish to solve the restriotea^problem of ensurxng zero masses

for e , v, ja+ and large masses for the remaining six leptons. It appears

that this is impossible to accomplish (see Appendix) if we confine our-

selves only to 8 + 8 scalar mesons. The simplest choice appears to be to

. va_ seconds
work with one octet (A or_ B type) plus one (10 + 10) multiplet of type A and/,
(10 + 10) of type B# Rather than exhibit the mass matrix for th i s case,we choose to take two symmetrical sets of A and B ty& nultiplets (8 + 10 + 10)

plus (8 + 10 + 10) . Provided that the 8's do not couple via P or D

with leptons and provided that <(A ) S 0 , ve obtain for the mass matrixj

+ E2 + B3) + h . c ]

+ M2 + M3) + h .o . ]

+ E2 + B3) + h.o . ]

e e - ju J" - %% + M M +

- E., ) + h .o .



IB)' G1 [ e" e" -

h . o

To secure the masslessnsss of e and û+ we must clearly set G + G = 0

(either ty adjusting the intrinsic couplings g and g' of the 10 + 10 and (10 + 10)

or by adjusting <( ̂ ~1 ̂ and- <C^ / * o r both, where G = g ^ /,

Note that since only the combinations B, - E, and E- + Eg + E.,

(and similarly for It) appear in the neutral partiole masses, this avoids

the problem of "V mixing with a or E ,

Finally, we may diagonalize quite simply ~by taking S , « S
1 6 ̂

S to obtain the rssult '
e

S and

m(M°) - m(E°)

m(e°)

2G .

For the W masses the spontaneous .symmetry-breaking mechanism gives

+ "

ifote that the "strange" "bosons X* are uaefully, though not excessive-

ly, heavier than the "non-strange" W* . Also note that Z mass is twice the

Vf̂  mass which (on account of W(ev) , (juv)W coupling constant heing exactly equal

to the electromagnetic) must equal 53 BeV, as remarked in Ref# 1, provided we

specialize to ) » 7 = 0 (oi = «'o -30 of Hef.l). Since there are only

seven heavy ¥'s in the theory, only seven combinations of the scalar

particles can "be gauged away. Thus for the purposes of the present model,

one should assume that the masses of the scalar particles are very very

large, in order to suppress undesirable transitions proceeding through these;

(m.rf/ny
: « l) . A better model can be constructed, using an 0,, (9 ) x 0 (9)

symmetry, where all the offending scalar particles introduced can be gauged

away. We shall discuss this elsewhere,
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APPEITDIX

Here we l i s t t he couplings we have not used . These may "be of value

i f one wishes t o include a r b i t r a r y values of m and m̂  . In t h i s paper

we have taken the a t t i t u d e with Weinberg ' t ha t these should "be obtained

from radiative corrections.

1. A-type octet mass terms

= F [ e*V + M"M" - E+E+ -

M3) + h.o.

5 - E3) + h . o . ]

U°e~ + M~M" + E+E+ + /J+^+ +

( + M3) + h . o .

•h S-t erms given in t e i t .

2. B-type octet mass terms

- MM" j ^

i ° ) ( - M 3 ) + h . o .

- E3) + h . o . ]

4 3) U " e ~ - M"M" - E+E

S-terms given in text.
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3 • A-t yp e decuplet' mass terms for

M°)(l + i T j ) ^ " M
2)

+ G terms given in text

4. B~type deouplet mass terms for (&/ $ 0

4- iY5)(M1 - M2) + h . o j

+ G*terms given in text .

All of these contributions arise "by giving appropriate K-like mesons

non-aero expectation values in the couplings listed belows

y L Ti 1 ^ + Tr

i d ' T r ( f jvL ,VR

^ T T ^ R -Tf y a TV
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Here $ « <̂ a is octet and $ a $/a^ \ is decuplet and

e stands for the symbol € a b o • Note that K*

do not oouple F-wise to /*v and ev combinations but that A"** and S ~

do, like TT*- and SI 1 . These interactions can be suppressed "by making

the scalar meson masses enormous, and the same mechanism will be needed

for neutral scalar interactions like A (̂ +/*+ - e e ), eto#

Note the following patterns:

1) For A-type couplings of 8's and 10 + 10's the combinations

(ee-jû j) and (MM-EE) occur with the same sign, while for B-type

couplings the relative sign of these combinations is reversed.

Thus in order that (ee-£y*) mass' iterms have a different coefficient

from (HM-EE) mass terms it is essential to admit both A- and B-type

couplings *

2) For the D-type couplings it is the (ee+pju) and (MM+EE)

combinations which occur in 3? . These couplings will then break
m

the e-/j and M-E universality induced by F-type octet and 10 + 10

couplings. Since tn the present paper we wished to preserve this

universality, we disoarded D-type couplings.

3) One's first instinct is to try to work with A and B type

octet F,D and S couplings only and to desist from including
10 + id's. One can show quite generally that in this case mass-

lessness of e"" and fJ^ necessarily entails masslessness of
0 0

e or ju *
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