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In a version of the standard model the Higgs boson is replaced by a
doublet (Bt, B®) of vector bosons, and the masses of gauge bosons and
fermions are generated by the dynamical breaking of the gauge group. In
this note it is shown that B+ and B® are heavy particles: mg+ ~ 0.9mpo,
mpo >42.73 GeV. Production of B particles is studied in ete™ — BYBO,
B*B~, ZB°B°, ZBt B~. In particular, B°BO has a large cross section
in Z-resonance region. The B* B~ production is a factor of cos? 26w
smaller than that of B°BO.

PACS numbers: 12.50. -d

The Higgs boson is not yet seen and there exists a motivation for alter-
native symmetry breakings [1].

In a recent paper [2] a self-interacting doublet B, of vector bosons was
introduced in the standard model instead of a scalar Higgs. B, has an
invariant interaction with usual gauge vector fields 4;,, Cp,:

Lo(DB) = ~3(DuB, — D,B,)" (D*B” - D" B*),

D,=9, - %ig‘rjAj“ - %ig'C“, (1)
where
B ( Bff)) @
= 0
B

is aY = 1 doublet. By assuming the formation of a condensate,

(BO+BO™Y, =g,,d, d#0,
(B§,+)+BS,+))0 =0, (3)

(1495)
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one gets mass terms for W and Z. (—d)!/? plays the role of the vacuum
expectation value of the Higgs field,

d=-(6(2)'/2Gr) ™. (4)

The photon remains massless and p¢ree = 1. Fermions can be made massive
by introducing an interaction between fermion pairs and B(®) pairs [2] re-
specting the Kobayashi-Maskawa mechanism, too. The coupling strength
turns to be 3(2)~}/2m;Gp.

In general, the model has a low momentum scale A<2.6 TeV, and it
can be considered as an effective field theory.

In the present note we would like to point out that the B boson is a
heavy particle and mp+ ~ 0.9mpgo, as well as mp0>42.73 GeV. Further-
more, in et e~ annihilation there exists a large cross section for B B® pairs
in the Z-resonance region. At higher energies the cross section is still a few
pbs for mgo = (46 — 48) GeV. The amplitude for B* B~ production is a
factor of cos 20w smaller than that of the BYB? final state. B°B9Z has
a cross section which is smaller than 0.01 pb at the LEP 200 region and
(0.1 — 0.2) pb at /s = 500 GeV.

First of all, the vector condensate generates the mass of B°. In a self-
-consistent approximation

m¥bo = —10d), (5)

coming from the self-interaction —A(B;} B¥)? added to (1), A > 0. Since the

field B£+) cannot be transformed out, it represents a physical field which
gets its mass from the self-interactions of B,

) 2
2 _ mp+ _ f
mB+ = SAd, (mBo) = 5 . (6)

From the momentum scale A<2.6 TeV we have mp0<2.6 TeV [2].

For the B mass there exists a lower bound following from the Lagrangian
(1) and the precision measurements of the Z parameters [3]. From (1)
we see that the Z couplings contributing to the Z decays are ZB°B9Y,
ZB*B~, ZyB*B~ if B is light enough. The coupling_Z‘yB‘*'B— is 0.6
times the ZBt B~ coupling which is 0.54 times the ZB%B? coupling, there-
fore, ZyBt B~ can be neglected. The remaining interactions have the form

©) = 9 supOw+ ) _ , po)
L(B ) = o5 "B (Z,LB,, Z, B, )+h.c.,

L(B*B~2) = cos20w L (B - B(H) . (7)
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The partial width of Z — B°B9 is obtained as

3/2
2 2 2 2

I'(z - BYBY) = g 7 (m —4mio)  (m} + 3mio)
" \2cosbw mzmpo 487 ’
(8)
shown in Fig. 1. Before the kinematical limit the width is not very sensitive
to changing mpgo. For instance, for mgo = 42GeV — 43.5GeV, I' =

35MeV — 15MeV.
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Fig. 1. The width of Z — B°BP as the function of mge.
We take the average LEP Z parameters [3]

mz = (91.175 £ 0.021) GeV
IS = (2.487 £ 0.010) GeV, (9)

as well as we use sin? y = 0.2300 + 0.0064 [4]. The maximum value of
I';® is compared to the minimum value of I’_tzh"'ory belonging to known

Z-decays into leptons and quarks at maximum sin? fy, minimum m?, and
a, = 0.110 [5]. This yields

Iy > 2.465 GeV,
1.29I'(Z — B°B%)<32MeV, (10)

giving mpo>42.73 GeV. We have neglected a small effect generated by the
Bt — B mass difference.
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The interaction (7) results in B°BY, B+ B~ pairs in et e~ annihilation,
ete™ — BYBY, Bt B—. The cross sections are as follows

o(ete™ — B°BY) = g%(s - 4m230)3/2(s + 3méo)
(4sin O — 1) + 1

N 2
3072xs!/3m2, cost Oy ((3 -m% + 541) + m"’ZI‘%)

X

b

o(ete™ - BYB~) =0.290(ete™ — Boﬁ)mao_.m3+ . (11)

The cross section of the B®B? production is shown in Figs 2, 3 as
the function of the total centre of mass energy s'/2 at various mpgo’s. For
mpo < mz/2 the cross section is large also beyond the Z resonance region
(Fig. 2). For mgo > mz/2 Z cannot decay into B® B but the cross section

is still a few pbs for s'/2 ~ 100 GeV, mgo = (46 — 48) GeV (Fig. 3).
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Fig. 2. The total cross section of ete~ — BOBO as the function of the total centre

of mass energy s'/2 at various mge’s and mz = 91.175 GeV, I'z = 2.487 GeV,
sin? 6w = 0.23.

From the Lagrangian (7) the associated production of Z and BYBO js
possible, too. However, the chain ete~™ — Z* — B%B%Z is more probable,
as is shown by a calculation. The corresponding Lagrangian is obtained
from (1)

g

= i (-2,2*B B 1 2,287 BO”) . (12)
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Fig. 3. The same as Fig. 2 at mpo = 46, 47, 48 GeV.

The resulting total cross section has a long analytic form which is plot-
ted against s1/2 in the LEP 200 region for mgo = (42 — 48) GeV in Fig. 4.

Fig. 5 shows the same at higher energies. At about s!/2 = 200 GeV the
cross section does not reach 0.01 pb, in particular, it is small at higher mgo.
At an integrated luminosity of 1pb~? (for one day) this provides a small
yield of B'BO pairs. The situation changes at higher energies, for instance
at s1/2 = 500 GeV a cross section of (0.1-0.2) pb emerges.
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Fig. 4. The total cross section of e*e~ — B°B0Z versus s'/? at mpo =(42 —
48) GeV using the same input parameters as in Fig. 2.
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Fig. 5. The same as in Fig. 4 at higher energies.

In conclusion, one can break dynamically the standard model gauge
group leading to spin-one massive B particles. These are heavy objects,
mp0>42.73 GeV and they could possibly be seen in et e annihilation.
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