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Abstract

As a first step towards the construction of a general electroweak effective Lagrangian incorporating heavy states, we
present here a simplified version where only vector and axial-vector spin-1 triplets are involved. We adopt an effective
field theory formalism, implementing the electroweak chiral symmetry breaking SU(2)L × SU(2)R → SU(2)L+R,
which couples the heavy states to the SM fields. At low energies, the heavy degrees of freedom are integrated out
from the action and their effects are hidden in the low-energy couplings of the Electroweak Effective Theory, which
can be tested experimentally. Short-distance constraints are also implemented, requiring a proper behaviour in the
high-energy regime. We analyze the phenomenological constraints from the oblique parameters S and T , at the next-
to-leading order. Our results show that present data allow for strongly-coupled scenarios with massive bosons above
the TeV scale.
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1. Introduction

The LHC found a Higgs boson with the properties
predicted by the Standard Model (SM). This discovery
has completed the last piece of the puzzle, confirming
the SM paradigm in particle physics. At the moment,
there is no clear evidence of new physics below the TeV
scale and the possibility of an energy gap gains impor-
tance. For this reason, effective field theories turn out to
be a proper approach to search for new physics. The in-
formation on the high-energy degrees of freedom stays
in the Low-Energy Constants (LECs) of the effective
theory and they can be tested experimentally.
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The Electroweak Effective Theory (EWET) provides
a powerful framework to study many of the open ques-
tions which remain unanswered within the SM. In this
direction, one obvious next step consists in adding new
heavier states to the effective theory and investigate their
possible signals at low energies.

In this article we study a simplified scenario with
massive spin-1 triplets interacting with the bosonic sec-
tor of the electroweak theory. A more complete analysis
can be found in [1, 2]. In section 2 we build the corre-
sponding effective description which is then matched to
the low-energy EWET in section 3, and hence the LECs
are determined. Another kind of conditions come from
the ultraviolet (UV) completion of the effective theory.
Thus, in section 4 some high-energy constraints must
be imposed so that the theory is well-behaved. Phe-
nomenology is analyzed in section 5, where the oblique
parameters S and T become a key factor in order to set
bounds on the Resonance Theory parameters. Finally,
some brief conclusions are given in section 6.
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2. Building the Resonance Theory

We call Resonance Theory to the effective field the-
ory description which includes the SM particle content
plus the additional massive states. We assume the SM
pattern of Electroweak Symmetry Breaking (EWSB), so
the theory is symmetric under G ≡ SU(2)L×SU(2)R and
gets spontaneously broken to the custodial subgroup
H ≡ SU(2)L+R. In this article, we perform a simplified
analysis of the resonance theory:

• Only the bosonic sector is studied. We consider
the SM gauge bosons, the electroweak Goldstone
bosons ϕa and one Higgs-like scalar field h, with
mass mh = 125 GeV, which is singlet under H.

• The resonance content is reduced to one vector and
one axial-vector triplets, Vμν and Aμν. We will
use the antisymmetric formalism to describe these
spin-1 fields [3–5].

• We assume that parity is a good symmetry of the
strongly-coupled underlying theory.

According to these considerations, the lowest-order
(LO) resonance interaction Lagrangian is
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where the brackets stand for the SU(2) trace, and uμ,
f± μν are chiral building blocks that involve Goldstone
and gauge bosons, in agreement with the notation of
Refs. [6, 7]. The constant κW measures the deviation
from the SM in the Higgs coupling to the electroweak
Goldstones. A more complete analysis of the Res-
onance Theory, including the fermion sector, can be
found in Ref. [1].

3. Constraining the EWET: Determination of the

LECs

The EWET is the low-energy effective field theory
with the same pattern of EWSB, but with only the SM
particle content. It can be obtained from the underlying
Resonance Theory by integrating out the heavy fields
from the action. The information on the high-energy
degrees of freedom (the resonances) is encoded in the
free parameters of the theory, the so-called LECs.

In order to estimate these parameters, we calculate
the solution of the resonance equations of motion at LO

in the momentum expansion, i.e., chiral O(p2). Replac-
ing the resonance fields in Eq. (1) by these solutions,
we obtain an O(p4) EWET Lagrangian. As an example,
we provide the resulting subset of low-energy operators
for the parity even, purely bosonic sector without Higgs
fields (the Longhitano’s Lagrangian [8]):

L ⊃ 1
4
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i
2
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H1 〈 f μν+ f+ μν + f μν− f− μν 〉 . (2)

Once the resonances are integrated out, we obtain the
following estimation for these LECs:
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The adopted procedure is completely analogous to the
one developed in QCD to perform the matching between
Chiral Perturbation Theory [9–12] and Resonance Chi-
ral Theory [3–5, 13].

4. High-energy constraints

Although the true fundamental electroweak theory re-
mains still unknown, we can use the Resonance Theory
as an effective framework which allows us to interpolate
between the low-energy EWET description of Green
functions and its assumed UV behaviour. We can then
impose some properties that well-behaved high-energy
theories must satisfy. As a consequence, new constrains
arise.

4.1. Form factors
If we consider the interaction Lagrangian in Eq. (1)

and we calculate the two Goldstone boson vector form
factor we obtain [3, 4]:

〈ϕ+(p1)ϕ−(p2)| JμV |0 〉 = (p1 − p2)μ FV
ϕϕ(s) ,

FV
ϕϕ(s) = 1+

FVGV

v2

s
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V − s
. (4)
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