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ABSTRACT

We present a composite model of quarks and leptons satis-—
fying "t Hooft's anomaly conditions, where the electro-
weak interactions are left-right symmetric and are not
associated with broken local flavour symmetries. The scales
of left- and right-handed weak interactioms are associated
with the scale Ay of hypercolour interactions responsible
for preon binding. Understanding the small neutrine (vg)
mass requires the existence of a Goldstone boson ~ the
Majoron — related to spontaneous breaking of gleobal lepton
number. Universality of weak interactions implies @, =
~ 5 %+ 25 eV and a heavy Majorana lepton, ~ 10 %+ 60 GeV,
The model predicts lifetimes for neutrinoless double § in-
teractions (~ 102%%2 years) detectable in the mnext round
of experiments and charged pseudo -Goldstone bosons with
masses in the range 5 + 50 GeV,
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Obvious candidates for composite states, being necessarily hypercolour singlets,

are:
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With electromagnetism switched off, the basic Lagrangian has a global SU(?.)L X
X SU(2)R P UCI)F symmetry acting om the fermions*), giving, a priori, the pos-—
sibility of also explicitly gauging the weak group SU(Z)L x sU(2), [or sU(2), x
X U(l)] , In this case, this same gauge group needs to be broken down to a vectorial
subgroup [U(l)em] at a scale essentially comparable to .3 If the condensate
responsible for this breaking has the right quantun numbers Lo counle to the
fermjon bilinears, nothing will prevent quarks and leptons from getting a mass of

order A On the other hand, if the condensate, OY any polynomial of it, does

a°
not couple to fermion bilinears, the physical quarks and leptons will always re-

main massless.

We are thus led to consider the possibility that the weak group is not gauged
at all. This will demand explaining the observed weak interactions as effective
four—fermion residual interactions of the binding hypercolour dynamics. On the
other hand, this point of view allows us to understand the light composite fermion
gpectrum as a consequence of some chiral subgroup of SU(2)L b SU(Z)R remaining
unbroken in the eventual condensation process. Making this assumption about the
condensate, we note that the composites £'s in (3) are precisely right to match the
't Hooft anomaly condition for the surviving chiral group, since the SU(4)y index
o = 1,...,4 of the fundamental fermions is traded by the index, carried by the
scalars, of a global SU(4) [in the absence of $SU(3) x U{(1) interactions]**).

A small mass can then be given to the fermions by having in the basic Lagrangian

a gauge invariant mass term:
W W
S = m PR e R v ke

with the parameters m, and my explicitly controlling the breaking of the relevant

chiral symmetry.

The over—all axial U(1l) is brokem by hypercolour anomalies.

b3
) This argument can clearly be extended to include three generations of fermioms

by increasing the numbex of scalars to 12 and the hypercolour group to SU(12),
with F c {12} and o c {12}. Whether this extension is phenomenologically
viable remains to be seen,
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Before discussing the phenomenological consequences of the model, we have
to make an assumption as to the way the hypercolour force breaks its global
symmetry group through a condensation process., Striking differences may appear
relative to QCD due to the differemce in N [ from SU(3)C to SU(4)H] and to
the presence of fundamental stongly interacting scalars. We will indeed assume

that such is the case, €.g., that our condensate will bresk parity.

With only hypercolour forces switched on, the theory has a group of global
Symmetry:

%E SU@), xU[J)‘f)cSU(Z)Lx SU(2), x V(1) (5)

with an obvious meaning of the symbols, C and P being also exactly conserved.
In the presence of the strong and electromagnetic couplings, and with the mass

term agjn, this symmetry is reduced to:

U(«)Fx U(”‘rc X Um‘fe (6)

Renmormalizability and gauge invariance actually allow the introduction of only

one extra term in the Lagrangian of the form

ik« P ¥ &
A &cqgtré € ! (Y <f%aj <T%>k' <T%

thus reducing (6) down to U(l)F X U(1)$c*3‘PE'
In any case, however, at the level of the composites (3}, the U(1) global
symmetries are effectively the baryon and lepton number conservations, since in
(6) the linear combination oLy I does not act on any of the composite
. T ¥ Y
fields. c

Amongst other things, the dynamical breaking of the group G g will especially

have to explain:

i} the correct phenomenological structure of the weak interactions as the mani~
festation of an effective low energy Hamiltonian between fermion composites;
ii) the smallness of the neutrino mass, which would normally acquire a Dirac mass

of the same order (mi) of the charged fermions.
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We assume that dynamical symmetry breaking takes place as a two Step process

such that:

i) only violation of parity occurs first at the scale AH’ for example through

the formation of quadrilinear fermion condensates

6 = (qupﬂﬁd)(EFJpﬂE_P)
o = (%db/ﬁle)(EPJ#ﬂ%P)

(73

appropriate for the purpose of introducing the left-right asymmetry in the
effective weak interactions, if we take <op> # 0 and <g;> = 0;
ii) at a mass scale M somewhat lower than AH’ one also has, as an eventual

result of the residual forces between the composite quarks and leptons f's:

T -4 3
<V C VR>gM (8)

giving a Majorana mass to the right-handed neutrino, m o M¥/n%, and low-

ering o by the standard procedures) (see below},

Using the following notation for the composites (for both helicity states):

z
Y g: = W ,  Bu = o, (v=1,2,3)
go{ : 1 X (9)
g’4_:= V ) 5'4 = €

point ii) amounts to the statement that the effective potential, symmetric under

@ . ab _ a -t b . ; .
G o? in AR“B = fRaC fRB gives rise to the vacuum expectation value (v.e.v.)

<Al 5 ~ M®, This v.e.v. indeed characterizes a possible critical orbit of the
4 P

over—-all group (3g, which is in this way broken down to:
!
y Ul1)  x U (10)
Gy = VDXV, X Uy CAMN TS

The chiral factor SU(2)L is enough to guarantee the masslessness of the fermion
composites at this stage. As for the real global group with all other interactions

and mass terms switched on, one has the breaking:
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Unlike the condensation of o which does not break any of the global sym-
metries of the model, the neutrino condensate gives rise to one exactly massless
Goldstonme boson and to eight pseudo-Goldstone bosons. It is clear from (8) that
the true Goldstone boson corresponds to the breakdown of lepton number and can be
identified with the Majoron recently disaussedﬁ). Although the Majoron gives
rise to long range forces, it is known to be consistent with existing data. It
may, in fact, be helpful in relaxing the constraints on neutrino masses implied

by cosmological considerations.

As far as the pseudo-Goldstone bosons are concerned, they are of two types,

as one readily sees by comparing the full group G 2 in (5) with the one in (6):

%
i) the ones which are colour triplets (Aiu() Aiq) and acquire masses mz(ﬁiu) =
~ 2.
2 Ct.S/TT AH, .
ii) the electrically charged colour singlets A;u whose masses are expected to

be of order mz(qu) = afm Aé-

If ve take A > 100 ¢ 500 GeV, we get®),

i .
m(z.\u) ~AOT 50 Gur m (D) = 625 Gour

The following essential question must now be faced: is the low energy resi-
dual interaction between the fermion composites in this model consistent with
the observed pattern of weak interactions? To discuss this problem, we first
ignore the effects of the neutrino condensate (for example, having M < AH/Z,
as we shall see). The full @ o is thus operative with only left-right symmetry
being broken by <g_>, Strong, electromagnetic interactions and mass terms are

R
also neglected.

—— —_— —— - — I —
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We defer a discussion of their detailed experimental signature to a future
publication.
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At energies well below AH, four-Fermi interactions between the composite
fermions are induced by the hypercolour sU(4) force. In the approximation where

G is exact, the most general four-Fermi effective Hamiltonian consistent with

G g can be cast into the form:

-+

(12}

where

Here full use has been made of the Fierz re-—-arrangement.

Before spontaneous breakdown of left-right symmetry, it is:

Ef_zi‘; }3?_:35&

and, furthermore, all t's are expected to be of order unity. After breaskdown,
(<o > 4 0), these relationships are no longer valid. All E‘s acquitre a depend-
ence on <0 >/AH as the effect of an infinite number of effective interactiomns

of arbitrary dimension collapsing into the form (12) when <ogp> # 0, We identify
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with 4GF//§ to get the correct strength for charged weak interactions. The I's
other than EE will have to be relatively small to describe the standard phenomen-
ology. Being unable to make specifie calculations, we can, for example, make the

guess that the various corresponding mass scales (AH//g)]< are within an

GR>¢I-O
order of magnitude. As to the value of AH itgelf, depending on the value of

gz after parity breaking, it can perhaps be in the range 100 = 500 GeV.

An analysis of the available neutral and charged current data shows that
these same data are consistent with Eq. (12) if all the i's are at the 107 level

v &)

relative to EL . (For some of the E's, such as the limits are even

gLR E
weaker.) These values are certainly consistent with our presumption that all effec—

tive mass scales are within an order of magnitude relative to In turn, this

implies significant deviations from the prediction of the standa?d model in low
energy neutral and charged current weak interactions, testable in the next round
of experiments, Finally, we would like to point out that to accommodate the neu-
trino neutral current data in theories with global weak isospin, one must add

a piece to the neutral current arising out of the neutrino charge radiusll). We
also adopt this point of view and emphasize that in subcomponent models for the

neutrino mass there is no reason for this contribution to be small.

So far in this section, we have ignored the effects of the neutrino condensate.
In its presence, Eq. (12) is modified to the extent that the full symmetry ¢

g
is broken down to §' , TIn particular, this introduces quark-lepton asymmetry and,

g
therefore, violation of universality. Explicitly, the source of such z breakdown
can be traced to the existence of induced non-renormalizable @ g invariant terms

of the following type:

ol 4 b aT -4 b G~ Y
B%, = /—\’L}f(ﬁgdc E’RF)(ERJ ¢ Fes (l&w%t ELX) @,_Ffutﬁg)

(13)

*)

9) for neutral current data and

We have used the analysis of Langacker et alj
for charged current data.

the analysis in the book by Marshak et al,
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For the purposes that we are going to discuss, this term is dominant, being one
of minimal dimensiomality. From Egq. (13), £ off leads to corrections to the

four-Fermi leptonic weak Hamiltonian of the form:

f/;:::) x 2 (7\}1)6(-B:L‘I-Ba‘ggl-‘(’)(g""%?&q) (14)

= T2
AH’ g

Thus, departure from universality between B8 decay and u decay is of order
(M/AH)G. Since experimentally such departures are supposed to be < 0.8%, we

expect:

M/AH. é 0'45 {15)

We see that universality constrains the value of ¥ and will therefore lead to

limits on m and . We get:
ve My g

b
M £ Y )]
my = — < A0 —6 (yw’ (16)

and

Me, ~
mf‘n:"_' 2"5'2’6{”/ (17)

These numbers are phenomenologically quite interesting, since they also
predict lifetimes for neutrinoless double R transitions clese to the present
lower limit. To make these bounds more precise, one needs knowledge of some
coupling parameters which are dictated by hypercolour dynamics. However, if we
accept the above numbers in (16) and (17), we can estimate the contribution to
(BB)ov transition amplitudes. For example, the rightIg?nded heavy Majorana

. : + + X
lepton N would contribute an effective 71 parameter to 0 + 2 transl-

tions, such as in Ge’® » Se’®:

v 4y
e (B)] b B (000

N
L (G'R)ﬁ:o
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. cas * . . . .
where PN* 1s the probability for N  excitation in a nucleus and fNN is the

probability of overlap between nucleon wave functions., Taking reasonable values

=2 a2 VY
for Py% and fNN (PN* =10 , fNN = 10 ), and, for example, gR/gL =~ 1/30,

we obtain

-4 . -5
m oz 2407 340 (19)

This would lead to:

i4x2 _
BFlov . 44 40 y . A (Aozzi-z—__ 1023:&9)’0%
A, VLZ : 4 : (20)

Thus, the next round of experiments on (BB)ov decay could throw light on the valid-

ity of our model.

To summarize, we have presented a composite model of light fermions, left-
right symmetric to start with, where the scale of weak interactions is related to
the scale AH of a new strong interaction responsible for the binding of quarks
and leptons. No breakdown of any local symmetry is contemplated. Our investigation
into a possible dynamics for the model has led to several phenomenologically
interesting consequences, even at low energy relative to AH. These features make
the model amenable to experimental verifications. We have also indicated a pos-
sible way of extending the model to include families. Other possibilities are

envisageable. This is currently under investigation,
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1.

The simplest composite modell) of quarks and leptons (f's) one can think of
is the one in which the f's are made from a fundamental fermion F and a funda-
mental scalar @ with some splitting of the standard interactions carried by F
and o 2). An interesting question in such models is the origin and nature of the
weak interactions of the composite fermions (f's). There are a priori two alterna-

tives:

i) the observed weak interactions of composites are the broken gauge interactions
carried by the fundamental preons; or

ii) they are associated with the global symmetry g'g of the theory.

Along the second line of thinking, two kinds of possibilities have been sug-
gested. The first one is where, due to some as yet unknown mechanism (which, how-
ever, has to circumvent a no-go theorems)), the global symmetry turns into a local
symmetry and is subsequently broken dynamically. The second possibility, recently
discussed by Abbott and Farhi4 , is to consider the induced four-fermion interac-
tions between composites, respecting the global symmetry ggg, and describe with

them the observed weak interactions of the f£'s. The scale of weak interactions,
-1/2 :
G/, ’
F H

binding interaction operating on the preons becomes strong.

is then essentially associated with the scale A where the fundamental

The model of Abbott and Farhia)

is intrinsically left-right asymmetric, with
only left-handed quarks and leptons being composites of a scalar carrying global
SU(Z)w quantum numbers and of a fermion possessing local SU(S)c ® U(l)em in-
teractions. One may think, however, that a situation in which for instance the
right—ﬁanded electron is elementary while the left-handed part is composite, 1is
unsatisfactory. In this paper, we consider a model where both left- and right-
handed f's are composites in a manner that maintains the quark-lepton symmetry of
weak interactions. In this framework, the fundamental field F feels the weak
interactions and the scalar ¢ possesses strong and electromagnetic interactions

5)

as, for example, suggested by Greemberg and Sucher™°.

Since weak interaction quantum numbers are now carried by spinor fields, it
is more difficult, if not impossible, to think of a model which is sound at the
basic level (i.e., no Adler-Bell-Jackiw anomaly of the fundamental binding interac-
tions) and which has, at the same time, an intrinsic left-right asymmetry of the
weak interactions of f's. The model that we shall consider actually leads to com-
pletely left-right symmetric weak interactions to start with. Is it then possible
to conjecture some dynamical mechanisms which make the model consistent with present

phenomenoliogy? We shall address this question, concentrating on two basic facts:
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i) the (almost)} masslessness of the composite fermions relative to the intrinsic
scale of the fundamental binding interaction (AH = 100 + 500 GeV);
ii) the unlikelihood of the dynamical generation of mass scales differing from

A, itself by orders of magnitude.

H
In the context of the model, these points lead to several interesting physical
consequences which should be testable in the near future in low energy experiments.
To list a few of them, we expect the Vg mass to be in the electron volt range

(m
ve
with M 10 + 60 GeV, which leads to neutrinoless double 8 transitiom 1ife-

= 5 + 25 eV) and the existence of a heavy, neutral right-handed lepton N
times » 1022*? years, We also expect deviations from the predictions of the
standard model in low energy neutral and charged current weak interactions, test-
able in the next round of experiments. Another consequence of the model is the
existence of several pseudo~Goldstone bosons with masses in the range of 5§ —

= 50 GeV and a massless true Goldstone boson, associated with spontaneously
broken lepton numberﬁ). Needless to say that in the energy range of 100 to

500 GeV, all sorts of striking effects due to the existence of a new strong in-

teraction will have to show up.

2, The basic Lagrangian of the model is locally invariant under G = SU(4)H X
x SU(3)c x U(l)em, where SU(4)H is the hypercolour responsible for the binding
of the fundamental fields to give quarks and leptons, and SU(3)C x U(l)em are

-’ a . - *
the standard unbroken gauge interactions. The preons consist of two fermions ):

Foos (4;4)4/2)

o
0 o = 4/.../4
(1)
E( = (4‘/4)—”7—)
(both helicity states) and two scalars:
o —_
.= 3 1)
CFCD (4) y /6 of = 4/ __-/4 (2)

P = (F)1,7%) v

transforming under G as indicated.
——mym—— - -

) For a model with F's and mgi only, see Ref. 7). The flavour group in that
model, however, is & gauge groiip.

L L BT L T S T T T T e T T e R IR NN TR IR R R R T
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