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Effects of exotic composite bosons in e e scattering at 50—100 GeV
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We show that some of the neutral exotics in the composite model decouple from neutrinos at low
energies, and can be as light as the mass scale of the weak interactions, offering the possibility of
detecting sizable effects in e e scattering at 50-100 GeV.

Regularities in the quark-lepton spectra seem to sug-
gest a further fundamental layer of matter, the subquark
(or preon). ' For example, the proliferation of color
triplets and weak isodoublets may indicate the subquarks
c and m, the common carriers of the color and the weak
isospin, respectively. In this picture, weak bosons,
Higgs-boson scalars, and even the photon and gluon
could also be composite. The composite models predict
various new phenomena at energies as high as the com-
positeness scale. New exotic and excited states should ap-
pear, the scattering cross sections should deviate from
their standard-model values due to their size effects, and
subquarks should develop jets consisting of quarks, lep-
tons, and intermediate bosons. From the argument of
unnaturalness in the mass renormalization of the Higgs-
boson sector in the standard model, the scale of new
physics cannot be much beyond the TeV region. If com-
positeness is responsible for avoiding unnaturalness, the
above-mentioned phenomena would be observed in this
region. In particular, we expect that the ground states of
the neutral exotics can be observed at comparatively low
energies. In this paper we examine the possibilities of ob-
serving their effects in the energy regions of the experi-
ments with the e+e colliders such as TRISTAN at
KEK, the SLAC Linear Collider (SLC), and LEP at
CERN.

The neutral exotics should exhibit their effects also in

pp scattering, neutrino scattering, the anomalous magnet-
ic moments of leptons, and the Z-boson mass deviation
via mixing. Among them, neutrino scattering places the
most severe restriction on their masses —larger than a
few hundred GeV. Accordingly, they cannot affect e+e
scattering at 50—100 GeV so much, as long as they cou-
ple to neutrinos. The same restriction arises for the extra
Z boson(s) in the grand unified and superstring-inspired
models. However, some of the neutral exotics in the
composite models may decouple from neutrinos at low
energies and are free from the restriction. %'e consider,
as examples, (i) the "color-singlet gluon, " the vector bo-
son made of c and c, where c is the subquark carrying the

three colors and (ii) the heavy (excited) photon, which
couples to matters with the strength proportional to their
electric charges. For the purpose of comparison we also
examine the effects of (iii) the "leptonic gluon, " the vec-
tor boson made of ct and ct, where ct is the subquark car-
rying leptonic color, although this particle does couple to
neutrinos.

Let us denote the exotic vector boson by V„.It is
mixed with the photon A„(tilded because it is yet to be
diagonalized to form the physical photon) and the neutral
component of W„ofthe weak boson through

A. =e/g, (3)

then the known sector of the photon and weak bosons ex-
actly coincides with that in the standard model, ' and the
model is phenomenologically acceptable.

The mixing parameters, the coupling constants, and
the form of J„should be determined by the dynamics of
the subquarks. People considered two complementary
types of dynamics: that of the Nambu —Jona-
Lasinio —Bjorken type" ' and that with fundamental
gauge interactions. ' ' The former is perturbatively solv-
able for composite states, though it requires an explicit

——'k" W V" +AM W V"
2 P+' p

where B„,, =B„B„—t)+„for the vector field B„in gen-
eral; A, , k', and k" are the current mixing parameters and
hM is the mass mixing parameter. These bosons couple
to matters through

X;„,=eJ' 2 "+gJ W "+g J "V"

where e is the electromagnetic coupling constant, g is the
weak coupling constant, g~ is the coupling constant of
V„,J„' is the electromagnetic current, J„is the neutral
component of the weak-isospin current, and J„is the
current of V„.As Hung and Sakurai pointed out, if and
only if
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momentum cutoff, and is not renormalizable. On the
other hand, the latter is renormalizable and confining un-
der appropriate conditions, while it is in general difficult
to get explicit solutions for composite states. The latter,
however, also includes cases where we can explicitly
determine the composite spectrum' by virtue of com-
plementarity between the Higgs phase and the confining
phase. ' To see the consequences of these dynamical
models, we actually examined the following typical ones:
(a) a model of the Nambu —Jona-Lasinio type and (b) an
SU(2)L XU(1)XU(1)' gauge model, which are the
straightforward extensions of the models in Refs. 16 and
17, respectively. The procedures illustrated in Refs. 16
and 17 lead to the following results. The relation (3) is
safely satisfied, and

gW'„-'=gW„'—gvv„, gvv„'=gvV (5)

with (gv) =(gv) +g . Further details of these
models will appear in a separate paper. ' It is remarkable
that the originally different dynamical models (a) and (b)
lead to the same results (4a) —(4c). The fact that k' has
the form e/gv X (subquark charge) can be taken as a gen-
eral consequence of the dynamics which respects relation
(3). Thus, we expect that relations (4a) —(4c) hold in a
fairly wide class of dynamical composite models. In the
following we investigate the phenomenological conse-
quences of these relations.

The current mixings in (4a) —(4c) are diagonalized by
the following transformation that yields the physical pho-
ton A„,Z boson Z„,and extra vector boson X„:

A, '=eQ, /gv, A,"=0, J„=J„'

for V„=leptonic gluon, (4a)

A, '=eQ, /gv, A,"=0, J„=Jq

for V„=color-singlet gluon, (4b)

1

Z„=0 Mwcosg/Mz Mvsing/Mz

0 Mwsing/Mx Mvcosg/M~ V„

(6)

A, '=e/gv, A,"=gv jg, J„=J™
for V„=heavy photon, (4c)

where Mv is the mass of V„before the diagonalization,
Mz and Mz are the diagonalized masses of Z„and X„,
respectively, and P is the mixing angle defined by

and b,M =0 for each case, where Q, = —
—,
' and Q, =

—,
'

are the electric charge of the subquark c and cI, respec-
tively, and J„',Jq, and J„' are, respectively, the lepton
number current, the quark number current, and the elec-
tromagnetic current of quarks and leptons. The heavy
photon is equivalent to the boson V„' that couples to the
weak hypercharge current J„,whose interactions are de-

scribed by

2M~ Mz ( A, A,
' —A,

"
)

sin2
(M —M )v'b,

(7)

with

6=1—A. —k' —
A,
" +2k,A, 'A, " .

The masses M~, Mv, Mz, and Mz are related to each
other by

X„,=eJ„' A "+gJ„W'"+gvJ„"V'",

and X;„in (1) with

(2') MwMv =MzMx

(1—
A.

' )Mw+(1 —
A, )M„=(Mz+M~)b, .

(9)

(10)

A, =e/g, A, '=elgv,

A,
"=0,

bM'=gvMw'/g

(4')

Eliminating Mv we obtain the following relation among
the observable masses:

[1—(1 —
A, )Mz/Mw][1 —(1—

A, )Mx /Mtv]

where M~ is the mass of the 8'boson. The equivalence
is established by the transformation

I

The interaction Lagrangian becomes

X,„,=eJ„'3"+[(gJ„eLT„') csoP /M—w
—(gvJ„—ei'J„' )sing, /Mv]MzZ"

+[(gJ„—eke„' )sing/Mw+(gv J„eA.'J™)cosp/Mv]Mx—X" (12)

with A, 's and J„given by (4a) —(4c).
The mixing parameters A, 's are written in terms of the

coupling constants, e, g, and gv as in (4a) —(4c). Among
them, e is precisely determined by experiments. We use
the value such that a =e /4m=(1/137. 036. )(1 br ), —
where hr=0. 058 is the radiative correction with the
top-quark mass m, =100 GeV and the Higgs-boson mass
MH=100 GeV (Ref. 19). The coupling constant g is re-
lated to Mw by g=(4&2 GF)'~ Mw, where the Fermi
coupling constant GF is precisely determined by P decay

Mw =(80.0+0.56)GeV,
(13)

Mz = (91.09+0.06)GeV .

I

experiments. Thus, for a given set of M~z ~, we can fix

gv by (11) and can calculate any physical quantities in

terms of them. We show, by the solid lines in Fig. 1, the
bounds on M~ and gv (or gv) from the constraint (11)
with the averaged experimental values '



EFFECTS OF EXOTIC COMPOSITE BOSONS IN e+e 791

The solid lines in Fig. 2 show the bounds from the same
conditions on R (60 GeV), R (Mz ), and I z, where
R(E)=o(ee~hadrons)/o'(ee~pp)QED at the c.m. en-

ergy E and I z is the decay width of the Z. Then we ex-
amine the following physical quantities, and compare

I

them with the presently known experimental results
(Figs. 1 and 2).

(i) The steinberg angle Oir from neutrino scattering
The angle 0~ determined by assuming the standard mod-
el is related to the quantities of the present model as

2

2
sin L9

2

M~
1+2Q,

V

2 M2
1+2 Q, +

e Mv
( leptonic gluon, ve, ve ),

(leptonic gluon, vp, vp ),

(14)

z (singlet gluon, heavy photon) .

Note that the singlet gluon and the heavy photon decou-
ple from neutrinos at low energies, and suffer from no re-
striction from them. As the experimental value we use,
following Costa et al. , sin Hir =0.2283+0.0048
(0.2271+0.0143) from vp and vp (ve and ve ) scatterings.

(ii) The compositeness scale A, (Ref 25) fro.m Bhabha
scattering. The scale A, is written in the present model
as

A, =2qrMi /(gvN eQ & )

1.0

0.7
(a) Leptoni

Gluon0.5

&v 0.3-

0.2 ———verve, verve
—————vp~ v+, up~ v+

where Q& (P=e, q, etc.) is the electric charge of the fer-
mion g, and N& is the lepton number of 1(I for V„=lep-
tonic gluon, the quark number of g for V„=singlet

gluon, and the electric charge of p for V„=heavy pho-
ton. The experimental bound is A, &7. 1 TeV for
current X current interactions with the vector coupling.

(iii) The compositeness scale A, from pp ~J + anything

(J denotes ajet). The scale A, is written as

A2=2qrMV g Qq g Qq(gvNq eQqA )

q q

&v

0. 1

2.0

1.0

0.5

0.2

I I I I I

(b) sing
Gluo

I Ji
J/

/

I l I I I I

where the summation is carried over the valence quarks
u, and d„and simple proportionality of their distribu-
tion functions is assumed. The experimental bound is
A, & 700 GeV, which is derived by assuming current X
current interactions with the left-handed coupling. This
is the only case analyzed by the authors of Ref. 27, and
we use this value, though the coupling in the present
model is vectorlike. It would be rather safe, because a
crude estimate indicates that the value of A, is larger for
the vector coupling.

(iv) o (pp ~X+anything )B(X~JJ). The experimen-
ta1 bound is given in Fig. 3 of Ref. 28 for 160 (Mz & 400
GeV. In evaluating o(pp —+X+anything) in our model
we use the parton distribution functions of the set I in
Ref. 29.

(v) o (pp ~X+anything )B(X~ee ) The experimen. tal
bound is 1 pb (Ref. 30). In evaluating o(pp~X +any-
thing) in our model we again use the parton distribution
functions of the set I in Ref. 29.

(vi) We have also examined the constraints from the

0.05
0 ~ 50

0.45—

I I I I I I I I I I

I I
I

I I

l
I
I
I
I
I
I

I

I
&v

0.40—
(C) HeIIV

Pho

0.35 I l I I I I

100 200

M„(G~v)
500 1000

FIG. 1. The experimental bounds on gv (or gv) vs Mz for (a)
leptonic gluon, (b) color-singlet gluon, and (c) hcavy photon.
The allowed regions are indicated by the shaded area. Each
curve corresponds to the bound indicated in (a) and (c).
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anomalous magnetic moments of the electron and muon,
deep-inelastic lepton nucleon scattering, and parity viola-
tions in atoms. They are less restrictive than the above
bounds because of their larger experimental errors.

The experimental bounds in (i) —(v), when combined
with the ranges of the weak-boson masses in (13), give the
bounds on Mz and gz (or gv) shown in Fig. 1, and those
on R(60 GeV), R(Mz), and I z shown in Fig. 2. The
shaded regions are finally left allowed.

Since the mixing parameter k' is proportional to 1/g~,
a value of gt too small causes mixing that is too large and
is forbidden. %hen we have an experimental bound on a
quantity concerning Xtr'jg vertex (1(t=q, v, e ), g~ is bound-
ed from above if V (X before mixing) directly couples to
the lt tT channel, while g ~ is bounded from below if X cou-

ples to the PP channel through mixing. Since neutrinos
have a vanishing quark number and a vanishing electric
charge, the singlet gluon and the heavy photon decouple
from neutrinos at low energies, but the leptonic gluon
couples to them through the lepton number. Conse-
quently, vp, vp, ve, and ve scattering experiments place
restrictions on the mass of the leptonic gluon only:
M~ ) 390 GeV (M~ )450 GeV when combined with the
bound from e+e ~e+e ) [Fig. 1(c)]. The leptonic
gluon can hardly affect R(60 GeV), R(Mz), and I z.
The singlet gluon is allowed in the region inside the
bound from A, in pp ~J+, that from A, in
e+e ~e e, and that from pp ~e+e +, which
leaves the possibility of a mass as small as Mz ) 170 GeV.
For the heavy photon, the allowed region lies inside the
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FIG. 2. The experimental bounds on R(60 GeV) [(a) and (b)], R(Mz) [(c) and {d)],and I z [{e)and (f)] vs Mz for the singlet gluon

[(a), (c), and (e)] and for the heavy photon [(b), {d) and (f)]. The allowed regions are indicated by the shaded area. Each curve corre-
sponds to the bound indicated in (d) and (f).
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bound from A, in e+e ~e+e, that from
pp~e+e +,and the kinematical bound from 6)0
with b, in (8), which imposes no essential lower bound on
Mz. The allowed values of R(60 GeV), R(Mz), and I z
deviate from their standard-model values. The singlet
gluon with 170 to 300 GeV can increase R(60 GeV),
which possibly explains the (slight) enchancement in R at
TRISTAN. ' The singlet gluon (heavy photon) decreases
(increases) R(Mz), and increases (decreases) yz. Al-

though the larger R (M, ) and the smaller I z of the heavy
photon near M& =M& are already ruled out by the SLC
and LEP ' data, the rest regions as we11 as the whole re-
gions of the singlet gluon still remain consistent within
errors. More precise measurements in the near future
should be able to distinguish the present model from the
standard model. We hope that these predictions are ex-
amined in the forthcoming experiments at TRISTAN,
SLC, and LEP.
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