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ϰ’s: ``Interim framework’’ for analyses so far

Simplified framework for analysis of LHC data so far; deviations 
from SM parametrised by tree-level inspired ``scale factors’’ ϰi

Based on several assumptions, in particular:

Zero-width approximation

ϰ’s are defined for on-shell Higgs production and decay
2

3 Interim framework for the search of deviations
The idea behind this framework is that all deviations from the SM are computed assuming that there is
only one underlying state at ∼ 125 GeV. It is assumed that this state is a Higgs boson, i.e. the excitation
of a field whose vacuum expectation value (VEV) breaks electroweak symmetry, and that it is SM-like,
in the sense that the experimental results so far are compatible with the interpretation of the state in
terms of the SM Higgs boson. No specific assumptions are made on any additional states of new physics
(and their decoupling properties) that could influence the phenomenology of the 125 GeV state, such
as additional Higgs bosons (which could be heavier but also lighter than 125 GeV), additional scalars
that do not develop a VEV, and new fermions and/or gauge bosons that could interact with the state at
125 GeV, giving rise, for instance, to an invisible decay mode.

The purpose of this framework is to either confirm that the light, narrow, resonance indeed matches
the properties of the SM Higgs, or to establish a deviation from the SM behaviour, which would rule out
the SM if sufficiently significant. In the latter case the next goal in the quest to identify the nature of
electroweak symmetry breaking (EWSB) would obviously be to test the compatibility of the observed
patterns with alternative frameworks of EWSB.

In investigating the experimental information that can be obtained on the coupling properties of
the new state near 125 GeV from the LHC data to be collected in 2012 the following assumptions are
made1:

– The signals observed in the different search channels originate from a single narrow resonance
with a mass near 125 GeV. The case of several, possibly overlapping, resonances in this mass
region is not considered.

– The width of the assumed Higgs boson near 125 GeV is neglected, i.e. the zero-width approxima-
tion for this state is used. Hence the signal cross section can be decomposed in the following way
for all channels:

(σ · BR) (ii → H → ff ) =
σii · Γff

ΓH
(1)

where σii is the production cross section through the initial state ii , Γff the partial decay width
into the final state ff and ΓH the total width of the Higgs boson.

Within the context of these assumptions, in the following a simplified framework for investigating
the experimental information that can be obtained on the coupling properties of the new state is outlined.
In general, the couplings of the assumed Higgs state near 125 GeV are “pseudo-observables”, i.e. they
cannot be directly measured. This means that a certain “unfolding procedure” is necessary to extract
information on the couplings from the measured quantities like cross sections times branching ratios
(for specific experimental cuts and acceptances). This gives rise to a certain model dependence of the
extracted information. Different options can be pursued in this context. One possibility is to confront a
specific model with the experimental data. This has the advantage that all available higher-order correc-
tions within this model can consistently be included and also other experimental constraints (for instance
from direct searches or from electroweak precision data) can be taken into account. However, the results
obtained in this case are restricted to the interpretation within that particular model. Another possibility
is to use a general parametrization of the couplings of the new state without referring to any particular
model. While this approach is clearly less model-dependent, the relation between the extracted coupling
parameters and the couplings of actual models, for instance the SM or its minimal supersymmetric exten-
sion (MSSM), is in general non-trivial, so that the theoretical interpretation of the extracted information
can be difficult. It should be mentioned that the results for the signal strengths of individual search chan-
nels that have been made public by ATLAS and CMS, while referring just to a particular search channel
rather than to the full information available from the Higgs searches, are nevertheless very valuable for
testing the predictions of possible models of physics beyond the SM.

1The experiments are encouraged to test the assumptions of the framework, but that lies outside the scope of this document.
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The on-shell definition was chosen for good reasons

• On-shell matrix elements are closely related (in the zero-width approximation) 
to physical observables (more precisely: pseudo-observables)

• Off-shell Higgs contributions:

• part of a full process

• in general not gauge-invariant by themselves
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Limitations of the ϰ framework (not an exhaustive list)

• The ϰ’s are tree-level inspired scaling factors for testing (small) deviations 
from the SM predictions

• Their most important property is that the best (including all relevant higher-
order QCD and electroweak corrections) SM prediction has to be recovered in 
the limit ϰi = 1

• The interpretation of the ϰ’s as scaling factors of Higgs couplings would a 
priori only hold if all higher-order corrections were neglected. Fortunately the 
dominant QCD corrections factorise, so that this interpretation holds in an 
approximate sense, up to electroweak effects

• The ϰ framework breaks down once electroweak effects become relevant. 
Once electroweak higher-order corrections are taken into account, it makes 
no sense anymore to think of scaling a coupling by a certain factor. This 
would destroy UV finiteness, gauge invariance, etc.
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How about off-shell ϰ’s?

One could think about defining an off-shell ϰ like ϰ(MVV). Technical 
complication: need to determine this quantity for every value of MVV

Why do ϰ(on-shell) and ϰ(off-shell) differ from each other in the first place?

• Electroweak higher-order contributions give rise to a running of the Higgs 
couplings

• The most important contributions come from threshold effects, if / when at 
sufficiently high MVV the (off-shell) Higgs decay into a pair of new particles 
opens up. There is no reason to disregard this possibility a priori
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The difference between on-shell and off-shell ϰ’s is due to 
electroweak effects: this is precisely where the whole ϰ framework 
breaks down
From my point of view it makes no sense to attempt an extension of 
the ϰ framework to off-shell effects
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If no off-shell ϰ’s, what else?

• One could formally define a ϰ factor multiplying the whole 
process g g → 4 f, however this ϰ would no longer have an 
interpretation in terms of a Higgs coupling

• An effective field-theory (EFT) approach based on a well-defined 
effective Lagrangian is capable of dealing with off-shell (and on-
shell) effects. Caveat: in this approach it is assumed from the 
start that the scale of new physics Λ is heavy, i.e. there are no 
light states of new physics present. This is an important limitation 
regarding (off-shell) Higgs decays into states of new physics

• I propose to study off-shell effects both within an EFT approach 
and within specific models (appropriate benchmark scenarios)
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