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COMPOSITE WEAK BOSONS

Mahiko Suzuki

Department of Physics and Lawrence Berkeley Laboratory
University of California, Berkeley, California 94720
U.S.A.

ABSTRACT

Dynamical mechanism of composite W and Z is studied in a
1/N field theory model with four-fermion interactions in
which global weak SU(2) symmetry is broken explicitly by
electromagnetic interaction. Issues involved in such a
model are discussed in detail. Ueviation from gauge
coupling due to compositeness and higher order loop
corrections are examined to show that this class of models
are consistent not only theoretically but also experimen-
tally.

1. INTRODUCTION

Gauge bosons have a nice geometrical interpretation for their.exis-
tence. In the standard picture, weak bosons are gaupe bosons which ac-
quire mass by spontaneous symmetry breakdoﬁn. Experimentally, the most
persuasive evidence for this picture is the relation between the weak
boson masses and the weak mixing angle. As was emphasized by Hung and

1) )

Sakurai and by Bjorken2 , however, such a relation can be naturally
realized at a phenomenological level even if W and Z are not gauge
bosons. A conclusive test must probe the couplings among W, Z and
photon in future experiment. From a theoretical viewpoint, renormali-
zability of the spontaneously broken theory guarantees approximate
validity of tree-diagram predictions except for Higgs bosons masses.
Elementary Higgs bosons are, until now, an artifice which mars the
otherwise beautiful standard theory. By contrast, if W and Z are com-
posite and much lighter than their constituents, they behave just like
gauge bosons and Higgs bosons are not needed. There is a long history

in construction of gauge-like bosons as composites of fermion-anti-

fermion. I would like to revisit this problem with focus on the follow-
ing aspects:

(a) Relation between gauge symmetry and lightness of composites.

(b) lHow general the dynamical mcchanism of binding can be.
(c) loop corrections to the order of W and Z loops.

(d) How to include quarks and leptons.

2. COMPOSITE GAUGE-LIKE BOSONS

The mechanism to generate nonabelian gauge-like bosons from four-

fermion interactions of preons was first demonstrated by Eguchi and

Sugawara.s) It goes as follows: Start with an SU(n) globally symmect-

ric interaction of N families of preons in the fundamental representa-

tion, N N
= T (i3 - - _2- v A 0. L
L) = j{:l b8 -0 - 5 j,zk=leY“ D) G ). 2.1

4)

Introduce a set of auxiliary vector fields As to rewrite L(¢) into

- T 2m = L W, 20
LAY = Zj:wj(na-mwj - = }; v, 000 + hmgla, L (2.2)

By computing radiative corrections to the leading order in 1/N for

L(y,A) and making wave-function renormalization, onec finds

. - — o2, 2. 4,
Logg = 2]: V(3 -y, - g 'Lj,“wjvuuawj)/\a s (m7e 6n%) KA

P e - i 2 UV K 3
‘Ga Gauv i(A/M )facha (vaCUK+ , (2.3)
MV W,V Vol M,V .
where Ga =9 Aa 3 Aa gfabcl\bAc and all couplings are evaluated at

zero four-momenta. Note that couplings of dimension higher than four
are suppressed by powers of the preon mass M, It is remarkable that
not only the three-vector and four-vector couplings are given by the
same coupling g, but also is the Yukawa coupling to the preons given
by g. Realization of gauge symmetry is in fact not surprising if one
notices that L(y,A) possesses SU(n) gauge symmetry up to the mass
term of Au.

.2 . . . 5) . .
Since the pionecring work of Bjorken™’ on abelian gauge symmetry,
it has been postulated that the mass term m2 +l5m2 can be set equal to

zero to turn the vector particles into genuine gauge bosons, This



postulate poses some serious problemF) The bare mass m, must not be
zero in order for the Lagrangians of (2.1) and (2.2) to be equivalent.
On the other hand, the current ¢5Yuaxawj is conserv;d, S0 6m2 mustzbe
zero when evaluated at zero four-momentum. Since m~ is equal to my
up to the wave function renormalization, it is impossible to require
that Az is massless, namely m2 06m2 =0. Dbiagramatically, the pro-
cedure from (2.1) to (2.3) is equivalent to summing an infinite series

of vector bubbles as shown in Fig.l,
- 2. -1 . —
- @y Gvi- @) T @AW, (2.4)
where (guv - q“qv)ﬂ(qz) is the vacuum polarization. The mass of Ag

Fig.l, Formation of vector composites.

>

Wz
is given by ms = (k'vz- NII(0))/NN* (0), where ﬂ'(qz) is the first
derivative of H(qz). Since N1(0) = 0 by global current conservation,
one can attain ms =0 only by taking the singular limit of v = 0 for
4 given large finite N, If one breaks global Su(n) in (2.3), N(0)
would be no longer equal to zero. But one must make a precise tuning
of parameters to achieve ms =0, Besides being artificial, spch a
tuning involves cancelling of terms of different orders in 1/N in the
present parametrization of N. Therefore, if we insist on that v2 is
0(1), the only possibility is to accept I1(0) =0 and give up m,, =0,
As the effective force N/v2 of the four-fermion interaction grows
stronger, the composite vector boson mass becomes smaller.

This remark on the composite mass is relevant to lliggs boson
mass as well. If one introduces an attractive four-fermion force of
scalar-scalar type, one can generate spin-0 composites. However,
the natural mass scale of such scalar composites is O(AZ) where A
is the cutoff energy of the theory, identified with the scale of
the preon mass M. The scalar force must be fine tuned in order to
keep the compoéite scalar boson mass much lighter than M, Further-

more, such a fine tuning involves cancellation of terms of different

orders in 1/N. Therefore, we are unable to obtain composite lliggs
bosons in a consistent manncr, as was emphasized recently by Cohen,
Georgi and Simmons.7) As we will see later, there is no need for
Higgs bosons in composite W und Z models since an explicit global
symmetry breaking by electromagnetic interaction generates the correct

relation between the weak boson masses and the mixing angle,

3. HOW GENERAL IS THE MECHANISM ?

The interaction in (2.1) is carefully set up to guide us to the
gauge coupling for the vector composites. The crucial ingredient is
conservation of the current 8“(2 $5yu%Aa¢j) = 0. This is in fact much
stronger a requirement than just SU(n) global symmetry. If one re-
places the interaction in (2.1) by

Line@®) = - “%2”2Ja“'
_ K oV — (3.1)

Tt T @A i B ),
this simple dynamical gencration of the composite gauge-like bosons
fails immediately; the Yukawa coupling with preons, the three-boson
coupling and the four-boson coupling are given by g(1 +0(K2A2/M2)),
g(l1 +0(x)), and gz, respectively. The replacement with Lint of (3.1)
does not violate global SU(n) symmetry. Illowever, once the nonabelian
magnetic moment interaction is added, the composite vector boson mass
no longer remains light. The origin of this puzzle can be solved when
the Lagrangian is written with the auxiliary field A:, as in (2.2):

= T (i R KVT ; H
L= f V(i3 -M$, - (2my/v) f By 2 05 ¢ e (0,0, ¥))A

2 |
0 AuAuu' (3.2)

+!im
This Lagrangian does not possess local SU(n) symmetry any longer even
. o . . Vo, .
after the mass term is removed. The derivative 3  in the magnetic
interaction destroys the gauge symmetry, A Lagrangian with local

SU(n) symmetry would be obtained from o (Ejo D“Dij) with the

UV
. . - 1 . . .
covariant derivative p". Then we can not write any simplec lLagrangian
like the one in (2.1) in terms of prcon fields alone.

In the late 1960's, Kroll, lec and Zumin08) showed in the context



of the field current identity that if massive vector fields A" trans-
a

form like the adjoint representation of a Lic group and satisfy

W
2 A% -, (3.3)

and if the thrce-body interaction of dimension four obeys global sym-

metry of the group, the four-body coupling is exactly equal to the one
required by local symmetry, AccordingAto this theorem, the auxiliary

field in (3.2),

w_ 2 - M, KoV o
Aa - m,v ? (ij ’Aawj * fﬁa (wjouv%xawj))' (3.4)

must satisfy (3.3) in order to generatc massive gauge bosons. How-
ever, the right-hand side of (3.4) is not a conserved current; the

Noether current obtained from the Lagrangian (3.1) is

L R
J) >J: wjf“ A5

- KoV oo - p
P jzk 1050 100+ 30" (0,50 8)) (5,00 )

1

(3.5)
Therefore, we do not obtain gauge couplings. We cannot build a com-

posite gauge boson model by replacing @Yukkaw by the nonminimal cur-
rent, Jg of (3.5); once we inroduce J:Jau term with J: of (3.5) as an
interaction, the Noether current computed from such a Lagrangian would
contain six-fermion terms and JZ of (3.5) would be no longer a conser-
ved current. We have to keep going to find finally a conserved current
which contains infinite-body-fermion terms. Therefore, for any simple
calculation to be carried out in such a composite model, the minimal
fermionic current is essential.

This embarrassing observation applies to composite vector bosons
made of bosonic preons also. For the bosonic preons, the minimal cur-
rent contains a derivative

"1, % 0 . (3.6)

» A~ - .
With Qv, we can not build a simple model Lagrangian of composite gauge-

like bosons. The iterative procedure of adding interactions of dimen-
sion up to infinity can be worked out in case of SU(2). It gives us a

compact nonpolynomial Lagrangian

6 -

"] 2 2 2 2 1l
.= T . - A . - J .
L= 1 SR R U i B R (3.7
where
. T AN 2,2
J = L¢.50 3. - ¢, . 3.
PR Elo;I7/v5) (3.8)

Eqs;(3.7) and (3.8) are reminiscent of the CI‘N_1 model. llere, none
of the ¢ fields develop a vacuum expectation valuc. Unlike the CPN4
model, our model does not impose a subsidiary condition on Xj|¢j|2.
Does this exercise imply that the dynamically generated gauge in-
teraction is a freak ? I do not think so. In the four-fermion model
of (2,1), lightness of the vector composites is ensured by global cur-
rent conservation. On the other.hénd, in the alternative models like
(3.5), there is no reason for vector composites to appear as light par-
ticles. Their natural mass scale is the preon mass itself unless one
makes a fine tuning of parameters., Though it may sound expedient, we
may put forth the conjecture that when vector composites are formed as
light particles by dynamical necessity rather than by accident or by
fine tuning, such vector particles behave like gauge bhosons., Until it
is proved in a model in which lightness of vector composites is rcali-
zed by a mechanism different from the four-fermion model (2.1), the
conjecture is not much more than a wishful thinking. 1In the sense of
the Kroll-Lee-Zumino theorems), we have only to show that an appropri-
ately defined composite wave function-‘l’u obeys the transversality
condition 3 . .
57; wu(x, xi) =0 (xi = relative coordinates) (3.9)
not only on mass shell of composites but also off mass shell, We have

to be careful about the ambiguity of the wave functions off shell.

4, COMPOSITE MODEL OF W AND Z WITH EXPLICIT SYMMETRY BREAKING
When we build a concrete model of composite W and Z from our
study in the preceding Sections, we must keep in mind the followings:
(a) To build a simple model, we assume that preons arc fermions

without derivative interaction. If one chooses bosons as precons,
onw would have to start with a nonpolynomial effective Lagrangian as

was seen in Section 3. Then we would lose calculability of model.



(b) To suppress nongauge couplings of dimension six and higher for
vector composites, the preon mass M must not be smaller than the
electroweak scale. When energy approaches M, nongauge couplings of
_higher dimensions become important. The larger M is, the more accu-
rate the dynamical gauge symmetry is for vector composites.

(c) Since the scalar composites of mass much lighter than M is un-
natural or inconsistent with 1/N expansion, the mass splitting between
W and Z must be realized by explicit breaking. We can introduce an
elementary photon and incorporate the y-Z mixing mechanism proposed by

1)

llung and Sakurai ten years ago.
With these reminders, we are ready to write a concrete model.6)
It consists of N fermion doublets as preons and an elementary photon;
T ol o2 - T My
L= BHGI-MYy - T (¥, 257,950 @ 1)

L EMVE m y u
% F va e § (Wqu(Y *'sz)Wj) Ab, (4.1)

The SU(2) gauge coupling and the W mass are obtained by calculating

the infinite series of bubbles;

gl = Nyt 4.2)
mﬁ = 5ve NIy L. (4.3)

The neutral component wo of the triplet vector composites mixes with
photon through a preon loop since electromagnetic interaction is SU(2)

breaking. The mixing is in the form of wave-fuaction mixing
0
5 (e/g) F (N (K0). (4.4)

Since gz is O(1/N), we regard the electromagnetic coupling squared as
also of 0(1/N) for the purpose of power counting of 1/N. Then the
weak mixing angle is a well-defined finite number in the large N limit.

The two mass eigenstates of the neutral vector bosons are

z o=, - (e/g)AuJ/I - (e/g)°]7 (4.5)
with cigenvalues mY = 0 and
m% - mﬁ/l 1- (/). (4.6)

The neutral weak current of Z is given by
H = o 2 !2 H 2 H
Ing =le/1 = (/) 1Y - (/) ) (4.7)
By defining the weak mixing angle Bw by sin 9w= e/g, Lqs.(4.5)-(4.7)
are identical with those of the standard electroweak theory. In this

model, unlike other dynamical models, there is no need to struggle for

making sinOw large enough to be compatible with experiment,

5. DEVIATION FROM GAUGE COUPLING DUE TO COMPOSITENESS

To the lowest order of c¢lectromagnetic coupling e, all interactions
of dimension four are cqual to the nonabelian gauge couplings at zero
external momenta, Couplings of dimension four defined on the W and Z
mass shells deviate from the gauge couplings by inverse powers of the
preon mass M., These deviations are effective interactions of dimen-

sion six and higher. Such deviations have been computed explicitly

for the cleétromagnetic vertex of W. The result is as follows:ﬁ)
. t o | P TIOW T v . +  uoup
Lint = 1efy(w“vw - w“wv)A + lekywpwvA + leApruwvA
(1) A Ty, WY AUHR 0 WRAT!
+ 1ch (2 wua WVJ Ay - b w“a wva AA)
+ ieuizﬁ(wz‘gawv)(g“vﬁl-Buav)AA + ¢yclic permutations], (5.1)
1 () | =

where fY' KY' XY, uY and " are constants, W“\J = auwv -aku and so

forth, and cyclic permutations among w:,-w and A, are mecant in the

v
. . . . . . 2
third line. The constants arc given to the first order in qi/M2 (qi=

W and Y momenta) by

fY =1 *[(l/S)/ln(KyM)z ](qf+q§+q§)/M2,
K, = 1+l (1/5) /1 (A/m)° ][qffq:zzvqi)/l\lz,
B w2 2
AY = -|(9[20)/IH(A/H) Fas/me, (5.2)
w{D= tass rmdm am?,
) - 2 2
o ((1/8)/In(R/M) "1 (1/M)°,

where the first terms in fY and KY represent the gauge Symmetric temms,

The momentum dcependent corrections grow with energy to cnhance compo-



siteness effect in high energy processes. The sign of the momentum
dependent terms in fY and KY are such that it is consistent with form
factor damping in the space-like dircection. When SU(2) breaking

beyond the lowest order WO-Y mixing is included, the cocfficients of
2)
£ ~u!
8%

Y generally acquire additional correction terms of O(ez).

The characteristics observed in the WWy vertex given above emerge
in all other multi-boson vertices. In case of four-point functions,
couplings of dimension four receive SU(2) symmetric corrections of
0(p2/M2) where p2 stands for properly symmectrized Lorentz scalar
variables made of four external momenta. They are form factor effects,
Couplings of interaction operators with dimension D (>4) are of the
order of (l/M)D—4 with SU(2) symmetric coefficients up to the WO-Y

mixing. Symmetry breaking effects are down by a factor of O(u/4n).

6. ABSENCE OF DANGEROUS LOOP CORRECTIONS

The important issue is how large deviation from the sfandard
theory is when one computes loop diagrams of physical W and Z. Since
the W and Z propagators obtained from the bubble summation of Fig.l
are those of the unitary gauge, there is a legitimate reason to worry
about the potentially dangerous contributions from the longitudinal
polarizations of W and Z. On the other hand, the effective Lagrangian
of our model is identical to the minimal standard theory with the
physical Higgs boson mass let to infinity or set equal to the preon
mass M. By this observation, we may feel optimistic to believe that W
and Z loop corrections are no worse than those of the standard theory
with the Higgs boson mass equal to O(M). Demonstrating this expecta-
tion is not so trivial because we must deal with quantities in the
next leading order in 1/N. We look into this problem in this Section.

The operators which receive potentially the largest correction
are those of the lowest dimension, namely the W and Z mass terms. If

we compute the difference dm cos B $ ; from the diagrams of one

W, Z or Y loop, we find that the dangerous terms of 0(l/mw Z) and
0(1/mw Z) are cancelled between 6m" and émz cos Ow by g]ohal SU(2)

symmetry and the right mixing relation m, Losze = mz The surviving

contribution turns out to be to the lowest ordcr in e2

10
2 2 2 2 '
Smy - sz cos"B,  ~ (a/4n)(ﬂ8/4n)51 , (6.1)
od
where ag = g7/47 and the cutoff is chosen to be cqual to M. This

correction stays small cnough if M is not much larger than 0(1 Tev).
However, this is not sufficient. The mass shifts themsclves must
remain small in order for our composite model to be viable. We will
see that the potentially dangcrous terms proportional to the inverse
powers of mw,Z are cancelled out in dmﬁ and in dmg separately to the
lowest order in electromagnetic coupling and that the explicit sym-
metry breaking due to electromagnetic interaction generates nonnegli-
gible contributions when the preon mass scale is too high.

In the present parametrization of the four-fermion coupling, which
is different from Ref.6 and follows Ref. 7, the longitudinal polariza-
tion term k“kv/mﬁ 7 of the vector composite propagators is of O(N).

If this term surv;ves in W and Z diagrams, our model would no longer
be consistent with 1/N expansion at higher loop levels and immediately
lose its beauty. As we wish, however, such dangerous loop diagram
corrections are completely absent thanks to global SU(2) current con-
servation in the lowest order of electromagnetic interaction beyond
the w’-y mixing. Once higher order electromagnetic effects are in-
cluded, the contributions of the longitudinal polarization stay with
coefficients of O(a/4m).

Let us examine a class of diagrams in which a weak boson propaga-

tor appears as shown in Fig,2,

Fig.2, Diagrams of physical W or Z loop.

A a
The matrix element can be written as
M= i<l 00 ) e 61 "V (x-y) da¥x 'y, (6.2)
where
uv Wy, K k k“kv
(x-y) = f{Cg )/l ('av - NIl(k )l 2 e }
x cxp(—lk(x—y)) o k/(2") (6.3)



represents an infinite series of bubbles which includes continuum
contributions as well as a W or Z boson pole. The first term of A"
is g2(-guv Ok“kv/kz)/(ms z -kz) near the pole and is of g2 x0(1).
Therefore, it does not génerate a harmful contribution in physical

W and Z loops. On the other hand, the second term is of gz xQ(N).
If this term stays and makes a full contribution, nice low-energy
results of the model would be meaningless once loop corrections are

made. The dangerous longitudinal part of A s separated for W as

B (xey) = -(eP/mp Aay yERCR) dhymt. ey

Integrating by parts in the matrix element of (6.2), we find the

longitudinal contribution as

Ll‘=-i(gz/mﬁ)[<B|T*(3uJ;(x) 2%l (y)) ‘2ieJ3(x)A"(x)6(x—y)|a >

x —exp(-ik(x-y) ah/ (2m) a*x aty (6.5)
Global current conservation is broken only to O(e),
i 1j3 13,0
9'J = - J7A", 6.6
y € ed, (6.6)

In the absence of electromagnetic interaction, the matrix element ML

is comletely gone and the correction is under control, If the WO-Y

mixing is included, we obtain for the W and Z mass shifts due to A#“

dmw 6m cos 6 ~ {(a /4n) Mz. (6.7)
These shifts are of O(1/N) and do not affect the relation among Mys
mZ and Gw. The correction to mZ cos 6 mﬁ is similar to that in the

standard theory in which the Higgs boson mass is set equal to M.

In the presence of electromagnetic interaction, the matrix ele-
ment (6.6) acquires a residual contribution of O(ez) from the longi-
tudinal polarization. Since e2 is to be regarded as O(1/N), ezlmﬁ is
of 0(1). 1In the case of W and Z mass shifts, this correction can be
evaluated by the infinite series of bubble diagrams shown in Fig.3,
where the broken line propagator stands for l/k2 of Atv(k). The
result is

. N 5
Sm- = (a/2w) ml;' InM
(6.8)

Sm

NNEN

= 0,

12

This is a small correction.

Fig.3. The contribution to 6m2 in the presence
of clectromagnetic interaction. ’“Sec Eq. (6.8).

KG.

The arguiment for suppression of the longitudinal part of A" can
be extended to general diagrams where more than one A" are involved.
Take diagrams having two of them:

M fdxd4ydzd4

- W <8|1‘*(J x) 3 (y)l (2) 3 () >

x A““(x-y)A (z-w). (6.9)

Separating the longitudinal parts from A" and AKA. we can show by
current algebras that the most singular contribution from A:v and

AE vanishes when electromagnetic interaction is absent. When we
combine this result with the preceding argument in which only one
Auvwas singled out, we can easily show that neither Arv nor AiA can
survive in (6.9) when e = 0. This argument goes throdgh in diagrams
which contain an arbitrary number of aMY, Therefore, the 1/N expan-
sion is perfectly consistent for e = 0., When electromagnetic inter-
action is present as an explicit breaking of symmetry, the singular

terms from Atv do not go away completely. A factor of
2
CRZDICT A M/ 21v)° | (6.10)

. VIS : .
keeps accumulating for cach A: in general for e # 0. Therefore, it

is necessary to require that

M</?4‘170Tg m (6.11)

W
in order for perturbative calculation to be meaningful, This const-
raint (6,11) suggests that the preon mass M should not be much larger
than 1 TeV as long as SU(2) symmetry.is broken explicitly by electro-
magnetic interaction,

Let us turn to another interesting electroweak correction, the
anomalous magnetic moment of charged lepton, Since we have not built

a model for light fermions, we simply assume that quarks and leptons

f— -
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interact through V - A and satisfy thc wecak universality. [If they are
composites of the same prcons as the constituents of W and Z, the weak
universality is guaranteed by the gauge coupling of preons. For g -2,
the relevant matrix element is that of the clectromagnetic current
which is the very origin of symmetry breaking. The longitudinal part
of &*Y still vanishes by the Ward identity or by an identity

sa*knl - o, (6.12)

if we take the lowest order in electromagnetic coupling in the matrix

element

iR L0 3L ISP [0 AV (xeyy atxaty. (6.13)

Y
L
1/N expansion disappears from loop diagrams. Once higher order elect-

Therefore, the singular part of the A contribution in the sense of
romagnetic effects are included, the situation is the same as in the

process a * 8 discussed before. It should be noted that in all cases
disappearance of dangerous terms in 1/N occurs for e = 0 by an intri-
cate cancellation between W/Z poles and the continuum part of the

infinite series of bubble diagrams.

7. WEAK INTERACTION OF QUARKS AND LEPTONS

We have a greater motivation for building composite models of
quarks and leptons than W and Z because in the standard theory there
are too many parameters associated with lliggs particles whose values
can not be determined from a fundamental principle. It is tempting to
postulate structure in the light fermions and explain their masses and
the quark mixing angles in terms of their underlying structure. Though
several attempts have been made in the past, we are still in search of
a right direction at present., The issue is how to make composite
fermionsby orders of magnitude lighter than their constituent parti-
cles. Lightness must be based on some dynamical mechanism, not by fine
tuning of strength of binding force., 7The three basic ideas have been
so far put forth-as promising lines and have been explored.

The first attempt is to introducc a large chiral symmetry at the

preon level and to let part of the symmctry survive spontaneous break-

14 v

down in order to realize massless composite fermions. Models along
this line presume a rcenormalizable, confining field theory at the
preon level. Then the anomaly matching condition of t'Hooftg) elimi-
nates a large number of attractive and realistic group theoretical

frameworks.l"’ll)

It may be a good idca to forget about renormaliza-
bility of the preon theory and therefore discard the anomaly matching
for a moment. The other line of attempts utilizes supersymmetry. It
is possible to generate massless fermions as the Nambu-Goldstone
fermions of supersymmetry breaking. Decoupling of the Nambu-Goldstone
fermions at zero momenta can be evaded if elcctrowecak and strong gauge
interactions break supersymmetry.lz) To my knowledge, no realistic
model has been built successfully along this line. There is another

13)

possibility with supersymmetry. When global symmetry is broken spon-

_ taneously in a supersymmetric theory, massless fermions can appear as

supersymmetric partners of the Nambu-Goldstone hosons. In some cases
where global symmetry and supersymmetry are broken by the same origin,
the Nambu-Goldstone fermion mechanism and the super-partner mechanism
are intervined. Explicit computation was done to demonstrate the
fermion partner mechanism in the supersymmetric Nambu-Jona-Lasinio
modcl.l4) tlowever, we have not becn able to find a model applicable
to the real world. One of the problems in the supersymmetric scenar-
ios is how to kecep the light fermion masses as light as several MeV
in spite of a large supersymmetry breaking scale indicated by the
lower limit on the scalar quark mass 2 100 MeV, It appears possible
to suppress some of the supersymmetric partner masses in the presence
of a large supersymmetry hrcaking.ls)

When we attempt to introduce composite light fermions in our
composite model of W and Z, chirality of the light fermions is a pro-
blem. Experiment requires that the weak isospin symmetry is left-
handed for quarks and leptons. But it is difficult to build light
chiral fermions from the heavy preons. Lven if preons interact chi-
rally, there is no guarantee that weak interaction of light composite

fermions is also chiral. Only when the preon mass is different from

the compositeness scale Qzund much smaller than it, can we realize a



chiral weak interaction for quarks and leptons. As we can demonstrate
casily in a concrete supersymmetric model of Nambu-Jona-Lasinio type,
the V - A interaction of preons gencrally'lcads us to only an approxi-
mate V - A interactioﬁ for composite quarks and leptons with a devia-
tion given by l
(V/A) -1 - M/Ac, (7.1)

cven when all iufcractions are chiral. It implies that approximate
chiral symmetry must be embedded in advance in preon dynamics at the
beginning. This observation, among others, makes introduction of our
composite W and Z into composite quarks and leptons rather difficult,

Meanwhile, an interesting possibility was recently pointed out by
Cohen, Georgi and Simmons.7 Using the fact that the conjugate of a
doublet is an equivalent doublet in SU(2), they give up compositeness
of quarks and leptons for a moment and place the light fermions at the
same footing as the preons of W and Z.

i Wc
£, - Tz?l (7.2)
L /L

where Y stands for the families of preon doublets and wc is the charge
conjugate. W and Z are made of fL' The quarks and leptons inside W
and Z do contribute to fast damping of form factors, but such damping
can be well hidden when N is large enough. Cohen et al. estimated
the magnitude of N from the radiatively generated kinetic energy of
Wand Z in the effective Lagrangian, They found N = 60. Furthermore,
they estimated the dominant contribution to the W mass shift which
comes from the wave-function renormalization of W according to their
1/N expansion reasoning. They found that the W mass shift is only

2 % even for M as small as m, itself. Although their model does not

W
provide a new insight in the long standing problem of light fermion
masses and mixing, it circumvents the chirality difficulty of heavy
preons and therefore makes the composite W and Z models viable by

themsclves, leaving the light fermion problem as a separate issue,
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