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A proposal for the (SM) direct determination of sin2 ϑ`eff

Fixed vs running width
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independent quantities in the SM:
I 3 in the electroweak gauge sector (to be specified)
I αs(Q

2), for a given Q2, e.g. Q2 = M2
Z

I lepton masses, mt, mH

I light quark masses (including c and b) crucial for the running of α =⇒
circumvented by using low-energy data and dispersion relations

possible triplets of input (Lagrangian) parameters
I (e,MW ,MZ), (g,MW ,MZ), (g, sinϑ,MZ), . . .

renormalization scheme: input parameters need to be defined with
reference to three data points
=⇒ everything else is calculated in terms of input parameters
conceptually, independently of any simplified assumption (e.g.
factorization properties at the Z peak), every parameter can be
directly determined through a template fit procedure to any
observable, provided our theoretical prediction of the observable
allows us to freely move the measured parameter without spoiling the
accuracy of the calculation
the above can be achieved in a formally clear way if we provide
a renormalization scheme which adopts the measured
parameter as an independent parameter

F. Piccinini (INFN Pavia) EW schemes - Z width 7 May 2019 3 / 16



requirement for an input/renormal. scheme

minimize the parametric uncertainty of the reference
observables defining the scheme

I e.g. the LEP (Gµ, α,MZ) scheme

minimize the effects of higher order corrections, in order to have
stable predictions in perturb. theory

I e.g. the (Gµ,MW ,MZ) scheme used for DY at Tevatron/LHC

minimize the parametric uncertainty due to imperfect knowledge
of other Lagrangian parameters (e.g. mt, ∆αh)

which scheme for direct determination of sin2 ϑ`eff at the LHC?
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in the spirit of the horizontal dashed line

C.3 QED deconvolution and pseudo-observables at FCC-ee precision

3 QED deconvolution and pseudo-observables at FCC-ee precision
Authors: Ayres Freitas, Janusz Gluza and Stanisław Jadach
Corresponding author: Stanisław Jadach [Stanislaw.Jadach@cern.ch]

The concept of the electroweak pseudo-observables was essential in the final analysis of the LEP1 data
of ref. [14]. Electroweak pseudo-observables, EWPOs, were instrumental in (a) combining data from four LEP
collaboration and SLD experiments and (b) organizing conveniently the procedure of fitting the Standard Model
to experimental data. The EWPOs used in the final analysis of LEP data [14] near Z resonance were defined
and thoroughly tested in ref. [112]. Both works have exploited ZFITTER [39] and TOPAZ0 [96,97] programs.

Fig. C.2: Scheme of construction of the EWPOs in data analysis of LEP

The effects of QED in data, even if large, are in principle perfectly calculable with arbitrary precision.
Once they are removed, the remaining EWPOs of LEP include smaller pure electroweak corrections and pos-
sibly signals of a New Physics beyond the SM (BSM). The procedure of removing deformation of the data by
QED effects, commonly referred as QED deconvolution9 is essential part of the definition/construction of the
EWPOs. Separating QED part from the higher order EW part consistently and systematically is an important
and delicate issue, especially at higher orders, and we shall come back to it later on.

Note that for some processes the of low angle Bhabha process used for the measurement of luminosity,
Zγ production for s1/2 > MZ (radiative return) above Z peak or production of W pairs, the technique of
EWPOs including QED deconvolution could not be used and data were compared directly with the Monte
Carlo programs (BHLUMI, KORALW etc.), mainly because of more complicated dependence of QED effects
on the event selection criteria (experimental cut-offs).

Before addressing the challenge of constructing EWPOs at the very high precision level of FCC-ee, we
are going to summarize briefly on the definition and the use of the EWPOs in LEP data analysis.

9"Deconvolution" name is not quite adequate – operationally it is just fitting procedure, but is it is kept for historical
reasons.

41

A. Freitas, J. Gluza, , S. Jadach, in arXiv:1809.01830
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α/Gµ, MZ , sin2 ϑ`eff as reference data

our Lagrangian parameters: e, sin2 ϑ, MZ

e and MZ renormalized parameters fixed as usual through α/Gµ and
MZ value measured at LEP

sin2 ϑ renormalized parameter fixed at sin2 ϑ`eff

I this can be achieved by requiring that the ratio
g`V
g`A

does not get

radiative corrections
I procedure independent of QED corrections because gL and gR receive

the same corrections

the scheme can be used for making predictions
I “drawback”: parametric uncertainty inherited by the LEP measurement

of sin2 ϑ`eff

most important: the scheme can be used in a fitting procedure to
measure sin2 ϑ`eff with a template fit
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convergence of pert. th. on dσ/dM``
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parametric dependence on mtop
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parametric dependence on ∆αh available, when using α as input
(according to most recent parameterizations), numerics to be done

parametric dependece on αs available, numerics to be done
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sensitivity to sin2 ϑ`eff : dσ/dM``
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sensitivity to sin2 ϑ`eff : AFB

PRELIMINARY
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Running vs fixed Z width: first considerations

The definition of Z mass as the zero of the real part of the inverse
propagator (the one implied by LEP running width parameterization)
is gauge dependent starting from O(α2)

I the complex pole position gives a gauge independent mass definition

e.g. A. Sirlin, Phys.Rev.Lett. 67 (1991); R.G. Stuart, Phys.Lett. B262 (1991), S. Willenbrock and G. Valencia,

Phys.Lett. B259 (1991)

neglecting terms of O(α2), a gauge invariant definition (closely
related to the LEP measured values), is
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in general it has been shown that a calculation (for a generic process)
which uses running widths in the boson propagators meets gauge
violations, which can become severe (extensive numerical studies
during the nineties in view of LEP2)

e.g. Argyres et al., Phys.Lett. B358 (1995)

I e.g.: ff̄ → 4 fermions @LEP2 and @LHC
I it involves the self-gauge coupling at tree level
I =⇒ the width is related to the imaginary parts of the fermionic

corrections; to restore gauge invariance (at least) the imaginary part of
the fermionic correction to the self-gauge coupling has to be included
(idea of the fermion loop scheme)

for DY, at one loop, as long as no bosonic corrections are put in the
denominator, no problems of gauge invariance arise around the Z pole

for one loop calculations, the two parameterizations of the Z
lineshape can be adopted

I they can give different predictions of the lineshape
F which can be expected to decrease when comparing the two scheme at

LO level or at NLO level (to be numerically investigated)
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