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Spectroscopy of Higgs scalars and exotic mesons up to 1 Tev in a composite model
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Masses of Higgs mesons and exotic mesons are investigated in a composite model for leptons,
quarks, and Higgs mesons based on the left-right-symmetric model. It is predicted that three Higgs
scalars and four exotic mesons may appear in the energies lower than 1 TeV. They will be detected
as monojet, dijet, single-lepton, dilepton, and lepton + jet events. %'e also suggest that a rich new-

particle spectrum including the right-handed weak boson will appear in the energy region lower than
5 TeU.
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The most crucial test of models is the observation of
new particles predicted by the modeL The prediction of
the masses of the new particles is, however, not easy in the
models beyond the standard model, ' especially, in com-
posite models. The difficulty arises from the ambiguity
of the Higgs mechanism, that is, the ambiguity of the
number of Higgs doublets, coupling constants, vacuum
expectation values, and so on. In the composite model
based on the left-right-symmetric model proposed in Ref.
2 we can write down the explicit form of the Higgs cou-
phngs~' and predict the masses of the Higgs mesons. '
The characteristics of the model are the existence of exot-
ic mesons represented with the triplet (or antitriplet) rep-
resentation of SU(3}c. In this paper we shall study the
masses of the exotic mesons as well as those of the Higgs
mesons in the model proposed in Refs. 2—4, and show
that some mesons have masses less than 1 TeV.

The model is written in tejmas of preons ti, te, and So
with the following representations of the left-right-
symmetric gauge group: G =—SU(3)H XSU(3)z XSU(2)L
XSU(2)R XU(1)tt L, , where SU(3)tt and SU(3)c, respec-
tively, stand for hypercolor and color interactions:
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where it is noted that p' couples only to leptons, while pe
couples only to quarks. ' ' The notation S is written in
terms of the linear combination of the triplet representa-
tions of SU(3)H as

S'= IS'+(S' S' ) +[(S'S')-(S'S') ]

+ . .
I W'N+1,

from Ref. 4 is different from those given in Refs. 2 and 3.
When we take account of the anomaly-matching condi-
tion, the above choice is better because the model is
anomaly-free and has no constraints on the number of the
generations. Higgs mesons generating the spontaneous
parity violation are described in terms of the bound

states as EL, =tt'. tJS, ht't =ttttt'ts y y'=tt tt't, and

pe= tg t jt, and also exotic scalar mesons written

as E& = tt tg a—nd Ez =tgt„—must exist in the model. They
I I

are represented by the following representation of the
SU(3)c XSU(2)z, X SU(2)z group:

where Na I ——(baryon number) —(lepton number) and
J~=(spin)t '". The preons t and te are, respectively,
described by the charge doublets (t'+', t" "} and
(t&'2'3', t&' ''3'), where g in t'&' denotes the electric
charge of t'. The S boson is introduced in order to gen-
erate the generation of fermions. (For details, see Ref. 2.)
It is noted that the assignment of SU(3)c in (1) referred

where N stands for the number of fermion generations.
(For details, see Ref. 2.) In this paper we shall not touch
on scalar preons with Yukawa couplings to t and t~
which allows us to avoid the Vafa-Witten theorem for the
vectorlike composite model, because they do not change
anything derived in the following discussions. The effec-
tive couphngs among these composite mesons are
described in terms of preon-line diagrams ' as
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where Vz(()f)) does not contribute to the Higgs potentials
but to the mass terms of the imaginary parts of the neu-
tral Higgs mesons, and is written as

4 4

Vq(Q) pg g (Im Tr4;4J )2 . (4)
i =1j=1

In (3) and (4) the definitions tI) q =r.hz IW2,
Ci—=(p'+p')i~&, 4,=—(f'—p')W2, e,=—(ps+ps)iv"2,
@4—= (lt)s P')i~2,—and P'=r2$"r2 are used, Tr/I and
ImX, respectively, stand for the trace of the matrix /I and
the imaginary part of X and the meson matrices are
represented as

where Q in EP denotes the electric charge of the meson.
Since the terms with a„P„y„and p are introduced as
the corrections, we should take account of the rela-
ti»s

I ~. I & I ~0 I IP. I & IP( I I y. I
- I)o I &

I r I
»

(3) it must be noted that only 5 mesons can have a nega-
tive squared mass, —p, , via the S -boson condensation, '
whereas the P' and E; mesons still have the positive
squared masses in&, and m;, in the model. Following

the discussion on the S -boson condensation, we always
take account of the relation (M &&m&. ~m; hereafter.
The vacuum expectation values appear as

V (50~ tl(0)t l(0)S 0)
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and the Higgs potential is given by

TABLE I. Squared masses of Higgs snd exotic mesons where Vx'»a,
I P, I &&P), and

I y, I «y
are taken into account and h, m 2=mE2 —m ~2.
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VH ——aV +ai(VL +Vs~)+pV ai +p, V2u

+2p2VL. Vga''+r«i'+bi'+aq'+bq')
(a 2+u2)2 p2V2+m 2(a 2+b 2)

+m«(aq +bq ), (6)

where V =Vi, +Vs, u =bi +aq +bq, a=an+a„and
p= pi+ p,. As was discussed in Refs. 3 and 9, the Higgs
potential has the absolute minimum at the point
represented with the relations, Vx »bi -aq =b» and
VL ——ai =0, provided that the constraints a+a» 0,
y+y»&0 ai &0 pi &0 p» I p2 I

or —2aiy &(pi—
I p2 I ), and p, & 0 are satisfied. From now on we shall

confine our interest in this solution, where the nonzero
vacuum expectation values are given as

v~'=(2(r+3r. )p'
I
p—.I (m&1'+2m«')Ã '

bi'= I I p, I
rp'=(2-(r+2r, ) p,-']m, ,
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(2a(r—+y.) p'l2—]m«'I(yD} ',
whe~e D—=4a(r+3r, ) —3p, and a=ao+ai+a, . The
three equations may be written as

Vx -p /2a,
()

»»:bi2 aq2—=bq2 (
I P» I p 2am', —)l4ay .

We can estimate z =(100 GeV) from the relation
3»r u 2g ms, where ms and g are, respectively,

the mass of left-handed weak boson and the couphng con-
stant of SU(2) gauge interaction. From the equations it is
estimated that

&g & mphil I p, I, m~2-2ys~ .

Since mq, is of the order of the characteristic energy scale
(AH) of SU(3)H which may be estimated to be larger than
1 TeV, we shall study mesons with masses of the order of

I p, I
~2,

I y, I
»»2, and p»»2, and less than those order.

Squared masses derived from (3) are listed in Table I,
where the relations Va2»»r, IP, I «Pi, and

I y, I «y
are taken into account. Since we do not find any reason
to derive m i +m 2 in the model, the definition
hm =—mE —m, with mE=mI ——m2 is also used. %e
see that two mixing states among the three imaginary
parts of Pz' ', f' ', and tI)$' ' have the masses given by
6~pa and 2 3', which are estimated to be 600' p GeV
and 350~p GeV from ~=100 GeV. For the reasonable

y'

(9) t3~g, P~g (h) y, g, y, g

Qc Qc+ Q Q

L(R) R(L)
(i) mass corrections

FIG. 1. Diagrams corrected in terms of the exchange of one
gauge boson of SU(3)~, SU(2}L,~, or U{1},where 5—=EL, or h~,
P'=P' or P», and wavy hnes stand for gauge bosons of SU(3)c,
SU(Z},„,and U(I}.

choice of p & 1 we obtain 6v p~ & 600 GeV and
2v 3p»» & 350 GeV.

Squared masses of the four exotic states,
E»=Ei' ', one —of the mixing states of

and E2 ' and that of E, and E2q2 3', are
given by hm . The mass difference between the exotic
and pq mesons arise only from the interactions of
SU(3)c XSU(2)a XSU(2)L, X U(1)s L, . Taking account
of such mass differences„we also have to take account of
the corrections of the effective potentials in terms of the
same interactions at the same time. We may estimate
such corrections by the one-gauge-boson-exchange dia-
grams shown in Fig. 1, where g~, g, and g', respectively,
stand for the gauge couplings of SU(3)c, SU(2), and U(1),
and the couphng constants for the correction diagrams are
represented with ao, ao and so on.

The contributions of the correction diagrams to the
Higgs potential are given by

V~=4ao V +2(2ap +ai +a) +2a» 12a» }(VL +Vs }+pig V (aI2+2bI2)

+4p2g VI. Vgai'+2p~ V'«i' bi'+aq' bq')+2r—g«i'+bi'—+4ai'bi'+a, '+b, '+4aq'bq')

+2y, («+bi')+2( , y„+ ,y;}(a,'+b, '-)+2y -(a, ' b, '+a, ' b, '}2.— —
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For the minimum with VL, ——ar ——0 we can derive

rn~q m—
~i 213igVa +y{2br a—

q
b—

q ),

rn=[6y, s(bq aq )]'/ —&500 GeV . (13)

In the critical estimation for C= 1 we have m & 150 GeV.
Main corrections in the exotic meson masses appear in

the masses of E2'/ and E222/3. The correction 2pis Vx
is added to their squared masses. From the first relation
of (11) its order is estimated to be that of the mass differ-
ence between P' and P», i.e., 2Piq Vii -m~q rn~l . T—he

mass difference can be described in terms of one-gauge-
boson-exchange contributions of the SU(3)c and U(1) in-

b»2 a—qz-2(P~ Vx 2—y,»bi )/y,
where the relations y» [y, [, (yq [, [ys [, and )ys [

are taken into account.
The important effect of the corrections appears

in the
masses of the charged Higgs mesons, b,z+, P'+', P"
pq'+', and p»' ". After the introduction of the correc-
tions the five mesons are mixed and rearranged into the
new states having the masses m =Pi Vx, 4yx,
6y~(bq a» }—and the two massless bosons. The two
massless bosons are absorbed into the left- and right-
handed weak bosons as well as two massless bosons of the
imaginary parts of the neutral Higgs mesons. Since two
heavy mass states with pi Viti and 4yir2 are not interesting
at the moment, let us estimate a rather light mass given

by, m =6y(b» a» ). F—rom (11) it is estimated as

6yqg{bq aq } 1—2y g{P—q»Va —2y g~ )/y

-24g y,(C—y, /y)a (12}

where y,s -g y„P,s -g P„and P,Va ——2yCi~z are used.
Prom the relation given in (9} the choice C & 10 may be
reasonable. Taking account also of y, &1 and ~=100
GeV, we obtain

teractions; that is, the attractive force induced by one-
U(1)-gauge-boson exchange acts on both states, while that
induced from SU(3)c acts only on the P» state. Then it is
estimated as

1 4 p g,2 1
m~q m—

~I ( —Tgc + —,g' )— (14)

where (1/r) stands for the expectation value of the in-
verse of the relative distance between t' and t' which
may be taken as (1/r) -Arr-m~. We derive

P,»V„-m~(m~q m~r—)= ( —2gc + —,g )m» .2 2 4 »2 2

Then we may estimate

(15)

) 2Pis Vri'( «mp'-2yrr' .

In the same consideration the mass difference
ibm =rrlE —my ls wrlttell as2 2 2'

dm = ( —', gc + ,g' )m& —«rn» -2yz . (17)2' '

Now we may say that the mixing states of Ei ' and
E2 / ' and those of Ei /' and E22 / ' are not much af-
fected by the corrections. Considering that ysa
-ygrr &Pi»Vs -LLm, we also see that the corrections
to the E„and E~ masses are small. Then we still find
four exotic states having the masses of the order of the
mass difference km after the introduction of the correc-
tions. Provided that the next sublevel appauw at an ener-

gy less than 10 TeV, these four exotic states may be ob-
served in the energies less than 1 TeV. We may say that
the observation of these exotic states like the bound states
of leptons and quarks is the most crucial test of the
model.

Here let us summarize our results for the light new
mesons:

T%vo lmaglnary parts
of the neutral Higgs

Main decay modes

q„+q„, qg+fg (dijet)
and I +1+ (dilepton)

One charged
Higgs boson

(500 GeV
(&150 GeV)

q +q~ qa+q. (dijet)
I +T/, v+l+ (single lepton)

—2/34
s 11

E,=E, '"'
Mixing states of
(E —5/5 E 5/5e)

(g -2/2 E 2/5O)

&1 TeV
& I TeV
&1 TeV

q„+v (monojet)
q~+v (monojet)
I +q„(lepton+ jet)

1 +q~ (lepton+ jet)

whel'e I =(e,p)5, . . .}, q„=(il,c, r, . . . ), alld
=(d,s,b, . . . ), and q„and qq can be jets. We may say
that these seven new particles mll be detected as dijet,
dilepton, single-lepton, monojet, or lepton+jet events.
They can also be sources of new generations if the new
generations exist in sufficiently low energies.

Here we estimate the order of mq, . If there is no ac-
cidental cancellation in the equation

~ P, ~

p2 2arnq2 of—
{8), we can put mq, -2yca with c &10. Requiring that
the correction of the y coupling in terms of the one-loop
diagram estimated as -y2/85r —10 y2 does not exceed
the original coupling y, we should take y & 10 . These
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rnw„-g—'~pic'lP, } &~y&5 Te~. (19)

These equations mean that a very rich new-particle spec-
trum may be expected below 5 TeV. If this is not the
case, the model must give a meaning to the accidental
cancellation.

Finally we would like to comment on quark masses. As
was shown in (7) and (11), we have a»2=b» ««(b» a» —)

choices of c and y give us

mp ~50m 5 TeV .

For the chotce
~ p, ~

«10 ' we also derive the upper
bound for the right-handed weak boson as

in this model. This relation, ho~ever, does not mean

m~ =m&„, because there exist loop corrections vrhieh dis-

tinguish between the coupling constant of q„with Pf' '

and that of qq with P)' ' (Ref. 10). Such corrections for
the Higgs couphngs are absorbed into the diagrams with
Ex~& P~ and p~.
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