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ABSTRACT

A systematic analysis of the lepton mass spectrum is carried out
assuming that the leptons belong to an SU(3) octet, and that the
(spontaneous) symmetry breaking is provided by a nonet of Higgs particles.
We conclude that the octet is not compatible with the present experimental

data for the lepton masses.

RESUMEN

Se desarrolla un andlisis sistemdtico del espectro de masas lep-
tdénico, suponiendo que los leptones pertenecen a un octete de SU(3), y que
la ruptura espontdnea de simetria se debe a un nonete de Higgs. Concluimos
que el octete no es compatible con los datos experimentales actuales de las

masas de los leptones.
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I. INTRODUCTION

(n

5
identification with a heavy clcctron(“), the question of the elementarity

Ever since the discovery of the u meson and its

and mass spectrum of the leptons has been a central problem in the physics
of the weakly interacting particles. The discoveries of the neutrinos
, and more recently the T

(3)
(5)

and its not yet well confirmed neutrino*™”, have made it even

associated to the electron and the muon

(4)

morc urgent to solve this problem.

lepton

Sceveral models have been proposed in the last few decades, in which

(6)

the leptons are considered as composite objects of more fundamental particles

(7

, on the

(8)

Perhaps, the most notable models are those of Strasbourg
phenomenological side, and those within the spirit of technicolor . However,
these ideas have to answer, as Lipkin remarked recently(g), the very small

(10)

account this observation one is led to the conclusion that the lepton mass

anomalous magnetic moment, g-2~0, of the charged leptons . Taking into
spectrun mist be generated through a mechanism which should be equivalent to the
spontancous symmetry breaking; the small g-2 value would be thena consequence
of the residual interaction of the leptons with much heavier particles. Still,
this leaves unanswered the problem of the lepton mass spectrum.

One exception is the very phenomenological approach of Bjorkenll1),
in which a logaritmic fit is proposed, this unfortunately seems not to be a
good fit to the charged lepton spectrum, because the predicted value of the
next charged lepton seems to be ruled out by experiment. In this work we
analyse the possibility that the observed leptons are in a SU(3) multiplet.
If this SU(3) is a subsymmetry of a more general one, then the more general
symmetry should be broken in such a form that the SU(3) symmetry breaking
pattern is mantained. Here we consider an octet of SU(3) because this
representation has the smallest dimensionality consistent with three charged

and 'three neutral leptons.
I1I. THE MASS SPECTRUM OF THE OCTET

We assume the generators oriented so that a Gell-Mann-Nishijima

relation is valid for the charge, the weak isospin, and the weak
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hypcrcharge(]z):
1
Gl # 5T & ()
The most general renormalizable lagrangian that conserves the
electromagnetic current, specified by the above relation, in which the
symmetry is spontaneusly broken, is(Isj

L= Tr[f;Ay + 3039 + g 0[6,4] + g0 {o,0]] + g Tr(Gu)Tre + V(9) ,

(2)
with
8
b= i§1wiki ,
8
Ai,...,B are the Gell-Mann matrices and Ag=//gi-ﬂ . The ¢ field is an

octet of fermions and the ¢ is a nonet of scalar particles. The ¢ could
be also in a 10, a T0 or a 27 representation of SU(3), but in this work
we consider the simplest choice, which is the octet plus singlet.

The symmetry is spontaneusly broken by requiring that some of the
scalars acquire non-zero expectation values in the vacuum. The conservation
of charge constraints <¢.>0 = 0 for 1 = 1,2,4,5 . Therefore we are left
with <¢;>0 =m, for i = 3,6,7,8,0. The mass terms associated with Bx and
g_ have many non-diagonal components, and those associated with g, give an
overall mass to the w's P

The most direct cheice, mg = my = 0, leads immediately to a Gell-
Mann—Oku%ngike mass relation with first order electromagnetic correction
s

ring both m; and m, non-zero. This in turn implies a mixing among the

include A more general symmetry breaking pattern follows from conside

equal charge leptons. The explicit mass formulae, which have been verified
with the aid of an algebraic manipulation program, are

1
T & &M T 8y (85-84) Mm%,
1 1
(o - e o s
(g.-g,) mg; u 2/3,(gs Sgalmg +5 (gstgalm,

M= M (g,>-g)
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Pl 1 S 1
ﬂ*/j g Mg /g g Mz /T (85 8A)mg7 '/% (85*8x) M7
1 1 1
H-=8 - — (g +3g,)m¢, - — (g_-3g )m
/3_5‘"8 /65Am67 5 os Paler
MO =
1 1
o ok gty = 0
w - 7(g g m, m_(gs 3¢, Jmy
e g om -1(g_+3g,)
BB By M3 Zﬁgs )My
with
.
M =/§; (g,*+3g1)mo 3)
and

“‘e7=%‘(m6+im7) .

The order of rows and colums in the matrices is:

1 . :
for M, :/% (1+ 1y2) , (y + ivs) .

| =

for M_ :/% (b1~ iv2) ,/% (by - ivs)
1 . 1 .
for My : Vg, Ygs — (W + 10.), = (U, - iV, .
0 3* *8 /3 6 7 /T 6 7

One can straightforwardly diagonalize M, and M_. For My it is necessary
to compute its characteristic polinomial an obtain its roots. After some
algebraic manipulations we find the non trivial result that m,, mg and mg,
only appear in the following combinations:

LR @)

and

(5)

o
I
el
/7]
P
=
N | @
[
=
)
—_—
S
”
=
=
=
~J
™
P
—
S
)

and therefore we can reabsorbe mg; in these parameters. This means that one
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can choose any values for mg and m; , in particular the simplest possible:
mg = m, = 0, if one is interested only in the fermion spectrum. With these
parameters, and defining T = gA/gg we get the following diagonalized

spectrum, in units of g _:

m, =M =uty (1430 a- g (1D b, (6)
m,=m,=yu+y (1431 a+y (1) b ")
m+ 12 =R ™Y z 2
m_=ms=u+y(1-30) a- 5 (40) b, )
m_=m, = 131 a+ 5 (40 b, 9)
Meo = Mgy =y - a+ b, (10)
n_ =Bz =y - &~ Th, (1
k

mpo = my =+ [a + Joe] ] (12)
moosmg S [32 + ;—bz]]/% (13)

where the notation implied on the left hand terms reminds the octet
classification of the hadrons in the zero mixing limit (see Fig. 1).

III. THE EXPERIMENTAL CONSTRAINTS

We will now analyse the consequences of having in the same octet
the electron [m.e = 0.5 MeV), the muon (m.u = 105 MeV), the tau (mT = 1800 MeV),
and an extra charged lepton A[m,\ & 15 Mp).

Additionally, there must be the two well established neutrinos,

d v , with = = 0. F thematical simplicity, sideri
\)e an \)U Wl m\)e m\)u oTr ma matical simpliCity, cCoOnsidering
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K°o i+ o K"
A { Is
A (o)) o e
l - "15 ()ﬂo . Tr+
K o t-d o K’

Fig. 1. Mnemonic of the SU(3) classification for the octet. The symbols
T, K, N are just to remind which states of the meson SU(3) octet
are the corresponding states of the leptonic classification.

that the masses of the electron and the muon are negligible compared with
the tau mass, we will take B, = mu = 0.

To consider the actual masses implies corrections of the mass
spectrum up to the order of the muon mass, which are not significant at
this level.

Taking into account the above, and the fact that the states of
the octet have four degress of freedom (as Dirac particles), whilst the
neutrinos could have only two, our minimal requirement will be to have two
charged massless states, and at least one neutral state of zero mass(14).
Notice that these minimal requirements distinguish our approach from less
systematic analysis(7).

We distinguish the following cases:
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1) m,=m, = 0
From Egs. (6) and (7) we obtain

(r-ub =0 ,
2u + (3r+1)a = 0,
therefore we have either T =1 or b =0.
1-a) T =1
We get u = -2a
and so:
m = Mmoo = -(3a+b),
m _=mo = -(3a-b),
o 3 % a2 4] bz}l/z
mo = -2a a T J i
1/2
m = -2a - {az + 1—bz] .
n 3
If one neutral is massless, we obtain
1
a =t g—b.

Therefore at least another charged particle and another

neutral particle will have a zero mass.

1-b) b =10
Then
m _=m_= -3la,
Mo = Mo = -g—(‘m)a,
mo = - % (1+7)a ,
mo= Ta-sna.

The other two charged leptons have the same mass (mﬂ_ =m _ T4
and there also are three neutrals of equal mass (mku = Mo = mw°)' If one
neutral is massless we have:

i) a=0
All the particles are massless.
ii) T = -1



U
w
o

Then three neutral particles have zero mass, and there is a heavy
neutral at %Amw_
iii) T = 3
There is only one massless neutral particle. The other three
neutrals have a mass equal to 2 m_
In these cases the v is doubly degenerate. If m, - m, # 0 this degeneracy
is also broken, so one would expect another charged lepton at about the

m *m mass.
T
) m, = m_=0
From Eq. (6) and (8) we obtain:
I'(3atbh) = 0 ,
2u - (b-a) =0,
and we have either T =0 or b = -3a.
2-a) T =0
We have
m,=m_ = b "

mg,=m, = %~(b‘33) "

bZ]I/Z ,

il/z
J -

The © is degenerate in the massless muon approximation. Lifting

=]
I

= F )+ [a

bz

=]
]
vl—= =

% (b-a) - [a2 +

this approximation implies two charged leptons at the masses of m_

and kL . n° and n cannot be massless. b= -3a makes K
and ¥ massless, with |mﬁu| and|mn| greater than and of the order
of m_.
2-b) b = —ga
So |_,1=-Za,
m, = m;h 2 23[ 1478
m._ = mko = =3({1-r)a ,
Mg =
m = -d4a



3)

i)

ii)

4)
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Here we see thatm =m =0 implies mo = 0, but this neutral
particle acquires mass when we remove that condition, so it isnot
suitable solution. Other massless neutral needs I = 1, and
therefore another massless charged lepton appears, or a = 0, which
corresponds to a completely degenerate massless octet.

By = By, = 0
From Eqs. (6) and (9), this implies:

b W= - g (14302) b,
m1T+ = (-r) b,
l'l'ﬁ‘_ = -(1+F)b’
ne -3 (r-1) v

g

%{-}-ur] b,
mwo='3'l_?[—+31"] -[T+3]1/2]b,
mo=-% [‘ +3r] [ +31/2:[b,

The condition of one massless neutral implies:

b=20

All the particles are massless.

r= 21

This means that there is another massless neutral and an extra
charged lepton of zero mass.

We finally note that the remaining possibilities:

n‘&(_=m_"_=0 #

m,=m_*= 0 :
n'&(-=mn+=0 3

are equivalent to (1), (2) and (3) respectively, withT - -I' or
b+ =b
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IV. CONCLUSIONS AND FINAL REMARKS

We conclude that there are no solutions within the scheme
presented above, an SU(3) octet broken by a nonet of Higgs, in which there
are at least one massless neutral state and two charged states with
negligible masses compared to the tau mass. Although the analysis presented
here has been carried out for a massless electron and muon, the condition
that the muon acquieres mass was tested numerically with the result that
the mass of the fourth charged lepton is shifted by an amount comparable
to the muon mass. Our analysis shows that an octet model with nonet
symmetry breaking can be dismissed. In particular the model by Fritzsch
and Minkowski(14), in which v, and Uu are associated with a single member
of the octet, can be ruled out if the Higgs particles are in an octet or
a nonet,

We finally want to comment on the apparent irrelevance of mg and
my; for the lepton spectrum. It seems that this result is a particular case
of a more general theorem. Gourdin(]s) has shown that if the nonsinglet
part of the mass hamiltonian transforms like a component of the adjoint
representation of the SU(4) algebra, then:

1) it may be associated to any direction of the bidimensional subspace
of the Cartan algebra orthogonal to I3 (or Q),
ii) the mass formula can be written like:

N . Y YM YM
M=mo +m(c - s) +mcC +my Qi oty Qi 5
c=5 C

ny ' "
where s and ¢ are SU(4) traceless operators associatet to
strangeness and charm, and ™M are computed in the enveloping

algebra as

SYM = T T

T =2 1 (I+1)-2I(I+1),
c-s

SYM 1 2
. sgk X rzd

c
with Tﬁspin, the associated SU(2) subgroup of SU(4) commuting with
isospin, and X; and X, SU(3) and SU(4) quadratic Casimir
operators.

i
In our case, SU(3), c and therefore REYM are absent, and the
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number of relevant 'mass'' parameters is reduced to myp, a function of my

and my, and a function of m; and my,. Therefore we should have three mass
parameters in agreement with the result of Eqs. (6)....(13).
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