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Abstract

The relation between physical observables measured at LHC and Tevatron and standard model Higgs
pseudo-observables (production cross section and partial decay widths) is revised by extensively using the
notion of the Higgs complex pole on the second Riemann sheet of the S-matrix. The extension of their
definition to higher orders is considered, confronting the problems that arise when QED (QCD) corrections
are included in computing realistic observables. Numerical results are presented for pseudo-observables
related to the standard model Higgs boson decay and production. The relevance of the result for exclusion
plots of the standard model Higgs boson for high masses (up to 600 GeV) is discussed. Furthermore, a recipe
for the analytical continuation of Feynman loop integrals from real to complex internal masses and complex
Mandelstam invariants is thoroughly discussed.
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1. Introduction

The search for a mechanism explaining electroweak symmetry breaking has been a major goal
for many years, in particular the search for a standard model (SM) Higgs boson, see for instance
Refs. [1] and [2]. As a result of this an intense effort in the theoretical community has been made
to produce the most accurate NLO and NNLO predictions, see Refs. [3–6]. There is, however, a
point that has been ignored in all these calculations: the Higgs boson is an unstable particle and
should be removed from the in/out bases in the Hilbert space, without destroying the unitarity
of the theory. Therefore, concepts as the production of an unstable particle or its partial decay
widths do not have a precise meaning and should be replaced by a conventionalized definition
which respects first principles of quantum field theory (QFT).

The quest for a proper treatment of a QFT of unstable particles dates back to the sixties and to
the work of Veltman [8] (for earlier attempts see Ref. [9]); more recently the question has been
readdressed by Sirlin and collaborators [10]. Alternative approaches, within the framework of an
effective theory can be found in Ref. [11].

In this paper we discuss the relation between physical observables and Higgs pseudo-
observables by considering the extension of their definition to higher orders in perturbation
theory, confronting the problems that arise when perturbative corrections in quantum electro-
dynamics (QED) and quantum chromodynamics (QCD) are included. Numerical results are also
presented. Our work can be seen as an extension of complex-mass schemes to include complex
external momenta (for previous work see also Ref. [12]), addressing systematically the question
of the analytical continuation of Feynman loop integrals.

This paper is organized as follows. In Section 2 we summarize the conceptual setup. In
Section 3 we present general arguments on complex poles. In Sections 4 and 5 we discuss
pseudo-observables, on-shell observables and unitarity. The analytical continuation of Feynman
loop integrals into the second Riemann sheet of the S-matrix is examined in Section 6. In Sec-
tion 7 we present the inclusion of QED and QCD corrections and renormalization schemes are
highlighted in Section 8. Numerical results are given in Section 9 and in Section 10 we close
with our conclusions.

2. Formulation of the problem

There are two old questions in relating measurements to theoretical predictions:

– Experimenters (should) extract so-called realistic observables from raw data, e.g. σ(pp →
γ γ + X) and need to present results in a form that can be useful for comparing them with
theoretical predictions, i.e. the results should be transformed into pseudo-observables; dur-
ing the deconvolution procedure one should also account for the interference background –
signal;

– Theorists (should) compute pseudo-observables using the best available technology and sat-
isfying a list of demands from the self-consistency of the underlying theory [13].

Almost from the start it is clear that a common language must be established in order to
avoid misunderstandings and confusion. A typical example can be found in Higgs physics where,
frequently, one talks about Higgs production cross section or Higgs partial decay widths. After
the discovery phase, in absence of which the future of high energy physics cannot be ascertained,
one will need to probe the properties of the discovered resonance, like spin and couplings. In this
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