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Composite Weak Bosons at the LHC
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Abstract. In a composite model of the weak bosons the excited bosons, in particular the
p-wave bosons, are studied. The state with the lowest mass is identified with the boson,
which has been discovered recently at the ”Large Hadron Collider” at CERN. Specific
properties of the excited weak bosons are studied, in particular their decays into weak
bosons and into photons.

In the Standard Model of the electroweak interactions the masses of the weak
bosons and of the leptons and quarks are generated by a spontaneous breaking
of the electroweak symmetry. Besides the weak bosons a scalar boson must exist
( ”Higgs boson”). Recently one has discovered a new scalar boson with a mass of
about 126 GeV (ref.(1,2)), which might be the Higgs boson.

Here I discuss the possibility that the weak bosons are composite particles.
The new scalar boson, observed at the LHC, would be an excited Z-boson.

In the Standard Theory the masses of the weak bosons, leptons and quarks
are generated by the spontaneous symmetry breaking. A doublet of scalar fields
is introduced, which breaks the weak isospin symmetry spontaneously and de-
velops a non-zero vacuum expectation valus. The weak bosons absorb three of
the four scalar fields and obtain a mass, which is proportional to the vacuum
expectation value. The remaining neutral scalar boson is the ”Higgs” boson.

In QCD the three ρ-mesons are degenerate in mass, if the electromagnetic
interaction is switched off and the two light quark masses are zero. Once the elec-
tromagnetic interaction is introduced, the charged mesons receive an additional
small contribution to the mass, which is due to the Coulomb self energy. In addi-
tion the neutral ρ-meson mixes with the photon and its mass increases. This mass
shift can be calculated. It depends on a mixing parameter µ, which is determined
by the electric charge, the decay constant Fρ and the mass of the ρ-meson:

µ = e
Fρ

Mρ

. (1)

The mass shift due to the mixing is given by:

M2
ρ0 = M2

ρ+

(
1

1− µ2

)
. (2)

The decay constant is measured to about 220 MeV - it is about equal to the
QCD scale parameter Λc. One obtains µ ≈ 0.09 - it leads to a mass shift of about
3 MeV.
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We assume that the weak bosons are composite particles. They consist of a
lefthanded fermion and its antiparticle, which are denoted as ”haplons”. A theory
of this type was proposed in 1981 (see ref.(3) and ref.(4,5,6,7,8)). The new confin-
ing chiral gauge theory is denoted as QHD. The QHD mass scale is given by a
mass parameter Λh, which determines the size of the weak bosons. The haplons
interact with each other through the exchange of massless gauge bosons.

Two types of haplons are needed as constituents of the weak bosons, denoted
by α and β. Their electric charges in units of e are:

h =

(
+1
2

−1
2

)
. (3)

The three weak bosons have the following internal structure:

W+ = βα ,

W− = αβ ,

W3 =
1√
2

(
αα− ββ

)
. (4)

In the absence of electromagnetism the weak bosons are degenerate in mass. If the
electromagnetic interaction is introduced, the mass of the neutral boson increases
due to the mixing with the photon (ref. (9,10)).

In the Standard Theory the mixing is generated by the scalar fields. Both the
photon and the Z-boson are mixtures of the SU(2) and U(1) gauge bosons. Here
the mixing is a dynamical mixing, analogous to the mixing of ρ - mesons. It is
described by the mixing parameter m, determined by the decay constant of the
weak boson:

m = e
FW
MW

. (5)

One finds for the mass difference beween the charged and the neutral weak
boson:

M2
Z = M2

W+

(
1

1−m2

)
. (6)

In the standard electroweak theory there is a similar equation - the mix-
ing parameter m must be replaced by sin θw. According to the experiments the
mixing parameter m is about 0.485, i. e. about five times larger than the mixing
paramter for the ρ-mesons. Using the experimental value, one can determine the
decay constant for the weak bosons:

FW ≈ 125GeV. (7)

As in QCD it is expected that the decay constant of the weak boson and the
QHD mass scale are related. The decay constant of the ρ-meson and the QCD
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mass scale are about the same - in QHD the weak decay constant and Λh should
be of the same order of magnitude. Details will depend in particular on the gauge
group of QHD. We expect that Λh is in the range between 0.12 TeV and 1 TeV.

The weak bosons consist of pairs of haplons, which are in an s-wave. The
spins of the two haplons are aligned, as the spins of the quarks in a ρ-meson.
The first excited states are those, in which the two haplons are in a p-wave. We
describe the quantum numbers of these states by I(J). The SU(2)-representation
is denoted by I - the symbol J describes the total angular momentum. There are
three SU(2) singlets, which we denote by S(0), S(1) and S(2), and three triplet
states, denoted by T(0), T(1) and T(2).

The boson S(0) is the particle, which has been observed at CERN (ref. (1,2)):

M(S(0)) = 126 GeV. (8)

In analogy to QCD we expect that the masses of the other p-wave states are
in the range 0.3 - 0.5 TeV. The mass of the S(1) - boson should be just above 0.3
TeV, the mass of the S(2) - boson between 0.4 and 0.5 TeV.

The masses of the SU(2) - triplet bosons T should be larger than the masses
of the S - bosons. We compare the spectrum of these bosons with the spectrum of
the corresonding mesons in QCD. Thus the mass of the T(0) - boson should be
about 0.3 TeV, the mass of the T(1) - boson just above 0.4 TeV, and the mass of the
T(0) - boson should be in the range 0.5 - 0.6 TeV.

The S(0) - boson will decay mainly into two charged weak bosons or into
two Z-bosons (one of them virtual respectively), into a photon and a Z-boson
and into two photons. The Z-boson is the bosonW3, mixed with the photon. The
mixing angle is the weak angle, measured to about 28.7 degrees. Using this an-
gle, we can calculate the branching ratios BR for the various decays, taking into
accoutn phase space corrections. The branching ratio for the decay into charged
weak bosons is denoted by B.

S(0) =⇒ ("W" +W) BR = B,

S(0) =⇒ ("Z" + Z) BR ≈ 0.55 B,

S(0) =⇒ (Z+ γ) BR ≈ 0.04 B,

S(0) =⇒ (γ+ γ) Br ≈ 0.05 B.

We would not expect that the decay rates for the decays of S(0) into letons
and quarks are given by the mass of the fermion, as they are for the Higgs boson.
The branching ratios for the decays into an electron pair, into a muon pair, into
a tau pair or into a neutrino pair should be similar. The decay of the S(0) into a
muon pair could be observed in the near future at the LHC.

The bosons S(1) and S(2) have a much higher mass as the S(0) - boson. They
will decay mainly into three or four weak bosons. The SU(2) - triplet bosons T(0),
T(1) and T(2) will decay mainly into four or five weak bosons or photons. Decays
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into two weak bosons, a weak boson and a photon or two photons are strongly
suppressed.

The properties of the new boson, which has been discovered at the LHC,
should be investigated in detail. If the model, discussed here, is correct and the
new boson is the state S(0), the other excited bosons S(1), S(2) and T(0) should
be discovered soon at the LHC.
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Povzetki v slovenščini

Tetrakvarki v limiti kromodinamike z velikim številom barv

Thomas Cohen
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Iskanje tetrakvarkov v normalnih in v eksotičnih spektrih še vedno ni prepričljivo,
niti eksperimenalno niti teoretično. Podpora pa narašča. Odprto vprašanje je, ali
lahko vezani tetrakvarki obstajajo v limiti velikega števila barv. Obstajajo pa na
primer v zanimivi antisimetrični varianti kromodinamike.

Sestavljeni šibki bozoni na Velikem hadronskem trkalniku

Harald Fritzsch
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V sestavljenem modelu šibkih bozonov proučujemo vzbujene bozone, zlasti tiste
v stanju p. Stanje z najmanjšo maso poistovetimo z bozonom, ki so ga nedavno
odkrili na Velikem hadronskem trkalniku v CERNu. Proučujemo značilne last-
nosti vzbujenih šibkih bozonov, zlasti njihove razpade v šibke bozone in fotone.

Vpeljava večkvarkovskih interakcij z efektivno Lagrangeovo
gostoto

A. A. Osipov, B. Hiller, A. H. Blin

Centro de Fı́sica Computacional, Departamento de Fı́sica da Universidade de Coimbra,
3004-516 Coimbra, Portugal

Predstavili smo rezultate razširjenega modela Nambuja in Jona-Lasinia s tremi
okusi kvarkov. V Lagrangeovo gostoto smo vključili vsa vozlišča brez odvodov,
v naslednjem redu razvoja po recipročnem številu barv, za večkvarkovske inter-
akcije s spinom nič. Prikazali smo zlasti vlogo interakcij, ki eksplicitno zlomijo
kiralno simetrijo, in njihov učinek primerjali s prejšnjimi modeli.


