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Abstract

We present results from SMEFiT3.0, a global SMEFT fit of Higgs, top quark, and dibo-
son production data from the LHC. Our updated analysis includes recent inclusive and
differential measurements from the LHC Run II, together with the exact implementa-
tion of electroweak precision observables (EWPOs) from LEP and SLD. We then analyse
the impact of HL-LHC measurements by adding to SMEFIT3.0 the projections obtained
by extrapolating from Run II data. Finally we estimate the potential of two proposed
high-energy circular e*e™ colliders, the FCC-ee and the CEPC, in further improving the
bounds on the SMEFT parameters.
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1 Introduction

The end of Run II of the LHC has provided a lot of new measurements, and the High-Luminosity
upgrade HL-LHC [1, 2], scheduled after the end of Run III, is expected to accumulate a total
integrated luminosity of up to 3 ab™! per experiment. After the end of its program, several
proposals for future particle colliders have been made, including circular electron-positron
colliders, such as the FCC-ee [3,4] and the CEPC [5]. The interpretation of such a vast amount
of data requires a global analysis in order to test the validity of the Standard Model (SM) at
the TeV scale and to understand how it can be extended. The SMEFT is the ideal tool for this
purpose, by parametrising high-energy physics effects through precise measurements at low
energy that can be revealed in global fits.

In SMEFIT3.0 [6] we performed, within the SMEFIT framework [7-12], an updated global
SMEFT fit at linear and quadratic order in the EFT. We considered 50 dimension 6 operators
in the Warsaw basis, that can be divided in five classes: two-fermion (2F), the four-fermion
classes four-heavy (4H) and two-light-two-heavy (21.2H) and purely bosonic (B), as well as the
four-lepton operator O,,. Regarding the experimental input, we updated the measurements
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already included in [9,11] with Simplified Template Cross Section (STXS) measurements, the
p% differential distribution in WZ, as well as recent top production measurements from AT-
LAS and CMS. We also upgraded the fit with an exact treatment of the EWPOs, which were
approximated in the previous version. More details on the theoretical framework and exper-
imental input are given in [6]. We then considered projections for the HL-LHC, and the two
proposed circular colliders FCC-ee and CEPC, and determined their constraining power on the
SMEFT coefficients once added on top of the baseline SMEFIT3.0 fit. Having found very similar
results for the FCC-ee and CEPC, in this contribution we discuss only the FCC-ee fit results as
a representative example.

This work is organised as follows. We discuss in section 2 the updated constraints on
the SMEFT parameter space from the global fit to Run II data, and in section 3 the projected
sensitivity at the HL-LHC and at the FCC-ee. Finally, in Sect. 4 we summarise and discuss
future developments.

2 The smEerT3.0 global fit

The marginalised bounds on SMEFT coefficients from the current LHC data are shown in the
left plot of Fig. 1. For each coefficient, the bar in blue (orange) is the length of the 95% credible
intervals, expressed in units of 1/TeV?, in a linear (quadratic) marginalised fit to the updated
LHC run II dataset. The plot shows that most bounds are below 1 and that quadratic terms
are in general important and improve the bounds, in particular for 2L2H operators. They are
also necessary to constrain 4H operators, where they break degeneracies by lifting the flat
directions present in the linear marginalised fit. However the 4H operators remain the worse
constrained with bounds ranging from order 1 to 10.

The agreement with the SM expectations can be quantified with the fit residuals, defined
as

(e =™ .
Pi =2 I:Clmin’ C{nax]ég% a | 1= 1"",neft: (1)
so that a residual above 2 indicates a discrepancy with the SM at the 95% CI. These are shown
in the right panel of Fig. 1 and good agreement is found with the SM expectation, with the
exception of ¢,; (only in the quadratic fit), for cfPSq), and for Cod (only in the linear fit). For
C:q, the large pull arises from a tension between the CMS top-quark double-differential dis-
tributions in (y,7, m,;) at 8 TeV and the other tt measurements included in the fit. The large
deviation on the other two coefficients is a consequence of the correlations with other fit pa-
rameters. Finally, we investigated the impact of the new datasets and found that the strongest
improvement is on the 2L.2H operators, where bounds are reduced by a factor of 2 to 3 and
they are driven by the recent tt production measurements.

3 Prospects at future colliders

We then used SMEFIT3.0 as a baseline fit to assess the impact of the HL-LHC and FCC-ee
projections. The fit results for future colliders are presented in the two plots of Fig. 2, where
we display the ratio between the magnitude of the 95% CI for a given EFT coefficient c;, to
that of the same quantity in the baseline fit:

R [c{ni“, cfnax]gs% “ (baseline + HL-LHC)
5Ci =

; 95% CI . ’
[cll.mn, clmax] ™ (baseline)

i=1,...,neft, (2)
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Figure 1: Left: The length of the 95% credible intervals, expressed in units of
1/TeV?, for the n.; = 50 coefficients entering the fit, both for linear and for quadratic
(marginalised) analyses. Right: for the same fits, the residuals between the fit results
and the SM expectations defined as in Eq. (1). Figure adopted from [6].

such that for each ¢; the smaller Rs,, the higher the improvement with respect to the baseline.
The projections for HL-LHC measurements are obtained by fluctuating the central value around
the SM within the experimental uncertainty, while the projected statistical and systematic
uncertainties are obtained rescaling the LHC Run II ones by the luminosity and by a factor
of 2 respectively. The improvement on quadratic marginalised bounds after adding HL-LHC
projections, in blue on the left of Fig. 2, ranges between 20% to a factor of 3. The comparison
between the quadratic marginalised and individual bounds displayed by the orange and green
lines indicates that in the individual fits the sensitivity is typically much better than in the
global fit, in some cases by more than an order of magnitude. Further improvement is also
expected thanks to the increased statistics of the HL-LHC measurements, which would allow
for a finer binning and an extended range of differential distributions. Such optimisation was
not considered in this analysis and is left for future work.

Regarding the FCC-ee projections, four running scenarios were considered, starting from
the Z-pole all the way up to /s = 365 GeV, above the top-quark pair production threshold. we
included the following observables that become accessible at these energies: the EWPOs at the
Z-pole; light fermion pair production; Higgs boson production in both the hZ and hvv chan-
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Figure 2: Left: The ratio of uncertainties Rs,., defined in Eq. (2), for the n.s = 50
coefficients entering the quadratic EFT fit, quantifying the impact of the HL-LHC
projections when added on top of the SMEFIT3.0 baseline. We display both the results
of one-parameter fits and those of the marginalised analysis. Right: The ratio R,
for the marginalised quadratic fits which include first the HL-LHC projections and
subsequently both the HL-LHC and the FCC-ee observables. Figure adopted from [6].

nels; gauge boson pair production; and top quark pair production. The blue and orange lines
in the right plot of Fig. 2 show the ratio of the bounds for marginalised quadratic fits where
HL-LHC and FCC-ee projections are subsequently included. The plot highlights the substantial
improvement of the FCC-ee projections, in particular on the bosonic and two-fermion opera-
tors, whose bounds improve by a factor of 30 to 50. In the four-quark sector on the other hand
the improvement is limited and only originates as a consequence of marginalisation. Indeed,
all the observables considered for the FCC-ee are unsensitive to these operators at LO, and the
inclusion of NLO effects is left for future work.

4 Conclusion

In this work we presented SMEFIT3.0, an updated global fit to LHC data, including the recent
Higgs, top and diboson measurements from the LHC Run II. We found that, assuming a high
scale of 1/TeV?, the current constraints are of O(1) for most coefficients, and that quadratic
SMEFT effects play a fundamental role in reducing the bounds by breaking correlations among
them. This fit was then used as a baseline to assess the impact of future measurements at the
HL-LHC and at a future circular electron positron collider, the FCC-ee. We found that the
marginalised bounds are expected to improve by a 20% to a factor of 3 after the HL-LHC run.
The inclusion of FCC-ee projections after the HL-LHC would further improve the bounds by
up to two orders of magnitudes on coefficients of bosonic and two-fermion operators. We
finally aim to improve the present analysis in several ways. These include improving the HL-
LHC projections by considering a dedicated binning. We plan to include projections for other
proposed future collider, such as the ILC, CLIC and the high-energy muon collider, and provide
a complete comparison of their constraining power. Finally, the impact of coefficient mixing
due to the RGE running is also to be considered.
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