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In the quest for new physics, due to the lack of any direct evidence, the framework of Effective
field theory becomes an indirect and consistent way to parametrise NP effects in terms of higher
dimension operators. Among the observables with the potential to account for NP signatures,
Electroweak Precision Observables and those from Higgs productions and decays play an important
role. In this work, we discuss the modifications induced by the Standard Model Effective Field
Theory Warsaw basis dimension-6 operators on different observables related to the electroweak
sector. We present the model-independent constraints obtained from the global fit performed
using the EWPO, single and di-Higgs data, as well as distributions from the di-boson production
channels. In addition, we discuss the constraints imposed on the BSM extensions by the considered
data via SMEFT matching.
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1. Introduction

The Standard Model Effective Field Theory (SMEFT) parametrises the indirect new physics
(NP) effects from the experimental data by connecting the gap between different energy scales.
The SMEFT describes any NP in terms of higher-dimensional (mass dimensions > 5) operators
consisting of only SM fields and respecting the SM gauge symmetry SU(3)c ® SU(2). @ U(1)y.
The SMEFT Lagrangian is generalised as:

0. (1)

Here, L, is the SM Lagrangian and Qfd) are the effective operators of mass dimension d with
respective Cl.(d) Wilson Coefficients (WCs). The index i runs over the number of independent
effective operators, and A is the cut-off scale (>> electroweak scale). We confine our discussion
to dimension-6 operators in the Warsaw basis [1] and express the non-SM deviations in the ex-
perimental observables in terms of WCs. Using global fits [2-5], we analysed the limits on WCs
treated as free and independent. We further matched a BSM scenario to SMEFT and performed
BSM-specific fit to constrain BSM parameter space.

The proceeding is outlined as follows: in section 2, we list the observables used in the analysis
along with the operators contributing to their SMEFT parametrisations. In section 3, we discuss the
global fits and present the model-independent constraints on the SMEFT operators. In section 4, we
match a heavy BSM scalar doublet to SMEFT at one-loop and further discuss the bounds on BSM
parameters and BSM-specific operators by employing fits using the one-loop matching results and
experimental data. Finally, we summarise our results in section 5.

2. Observable datasets and their SMEFT parametrisation

We included the observable datasets comprising Electroweak Precision observables (EWPO)
from LEP and Tevatron, LHC single-Higgs data including signal strengths and simplified template
cross-section (STXS) measurements from ATLAS and CMS Run-I and I, and for di-Higgs produc-
tion, the total cross section signal-strength measurements in the 4b, 2b27 and 262y decay channels.
We also considered momentum-dependent di-boson dis-
tributions (WZ, WW) and the A¢;; distribution for elec- ﬁDi-EOSOH
troweak Z j j production from ATLAS. For LEP WW data, -
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{agw, GF, mz} input scheme with the following input values

ag\lv =127.95, Gp = 1.6638 X 107 GeV 2, my = 91.1876 GeV, mp = 125.09 GeV, m, = 173.2 GeV.
2

In our analysis, 23 WCs contribute to different datasets and the summary of the WCs along with the
observables they contribute to is given in Fig. 1. The complete details related to SMEFT predictions
are given in section 2 of Ref. [6].

3. Model Independent Analysis
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Figure 2: Individual (top) and global (bottom) 95% credible interval (CI) limits on the WCs from fits with
the complete dataset (orange) and the reduced set with measurements up to year 2020 (blue).

In this section, we discuss the bottom-up approach where SMEFT WCs are treated as free
parameters and are constrained using the observable datasets discussed in the previous section. We
followed the Bayesian framework to draw the statistical inference, and the parameter estimation is
done using the Mathematica® package OptEx [7]. Point estimates are quoted in terms of Medians
and fixed quantiles around them. We describe these fits as model-independent, and first, we show
the results of one-parameter WCs fits in Fig. 2a. The WCs constrained through EWPO receive
much stronger individual bounds than those constrained through Higgs and di-boson observables
alone. The most weakly bounded WC is Cy which is most strongly constrained through di-Higgs
measurements in our fit. We find that operators constrained via EWPO do not benefit from adding
new datasets at the level of one-parameter fits, while on the other hand, the bounds of bosonic as
well as Yukawa-like operators are significantly improved. In Fig. 2b, we display the results of our
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global fit of 23 WCs after marginalisation. The improvement in the constraints with adding more
data appears to be even more significant in the global fit than in the one-parameter fit.

4. Model Dependent Analysis: SM extended with an Extra Scalar Doublet

Now, we discuss fop-down approach using a BSM scenario of SM extended with an extra
heavy isospin-doublet scalar (#) with hypercharge Y = —%. We integrate out this heavy non-SM
doublet using the Mathematica® package CoDEx [8] incorporating the scalar heavy-light mixing
contributions at one-loop. The relevant BSM Lagrangian is

A,
Lo, = Loy +1DuHol’ = mi |FL* = 2| H[*

= gt PGP = Ay ol HLI = g3 | ()2 + (O 3)

Here, mqy, is the mass of the heavy field and serves as the cut-off scale. After integrating out >
at mqy, scale ( taken as 1 TeV), the complete list of effective operators and accompanying WCs (in
terms of BSM parameters) obtained are given in Tab. 1. Furthermore, incorporating these matching
results in the SMEFT parametrisations, we discuss the model-specific constraints for three datasets,
“All” (blue), “Higgs” (green) and “EWPQO” (red) sets of experimental measurements.

Table 1: Warsaw basis dimension-6 effective operators and the associated WCs that emerge after integrating-
out the heavy field H; : (1,2, —%). Operators highlighted in blue are functions of SM parameters only, while
the red coloured ones do not contribute to our observables.
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Constraints on the model parameters

To bound the BSM parameters using the experimental data and SMEFT, the operators coloured in
black and blue in Tab. 1 are replaced by the corresponding WCs in the SMEFT parametrisation
of the observables. Using OptEx, we perform the fits and show the results as two-dimensional
marginal posteriors in Fig. 3. Constant-probability-contours enclose respectively 68% (blue solid,
red/green dashed) and 95% (blue dot-dashed, red/green dotted) credible regions. Coloured con-
tours (blue/red/green) with variable-density-shading (darker to lighter) indicate regions of high
probability. We find that the constraints from Higgs data are slightly stronger overall, and EWPO
data add orthogonal information, leading to significantly tightened bounds when combining the
measurements from both sectors.
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Figure 3: Two-dimensional marginalised posteriors among the BSM parameters. The line contours represent
the 68% and 95% credible intervals (Cls) and the filled contours with changing opacity show the high-
probability regions with decreasing probabilities (darker to lighter). We show these results from a fit of
“EWPO” data only (red), “Higgs” data only (green) as well as for “All” (blue).

Model-Dependent constraints on the WCs

We generate the allowed distributions of BSM-specific WCs (black) using the non-linear relations
(obtained after matching) from Tab. 1 expressed in terms of parameters: Agy, 1, Adgq,2 and Agy, 3,
and propagating the model-parameter-posteriors (Figs. 3a-3c). Instead of showing all the possible
2D-marginal contour-plots for the WCs!, we choose to show a few sample plots in Fig. 4.

5. Conclusions

We performed a global fit of 23 Wilson coefficients using datasets comprising Higgs and
di-boson sectors plus electroweak precision observables. Our fit includes di-Higgs measurements
for the first time, which improves the bounds on a modified Higgs potential through Cy . With the
addition of the latest STXS measurements up to high energies, the limits on operators describing
Higgs-top and Higgs-gluon interaction are strengthened by up to a factor of 9 compared to previous
analyses. We further matched a heavy BSM doublet to SMEFT at one-loop level and obtained
the operators and WCs (in terms of BSM parameters). We used the matching expressions and

1Al the relevant WCs plots are given in the Github repository €.


https://github.com/effExTeam/Precision-Observables-and-Higgs-Signals-Effective-passageto-select-BSM

Probing New Physics Using Standard Model Effective Field Theory Anisha

0002 10 107 0003

5N 0o .
£ o 08T : ‘ i
i s 0 \ §-1 E : 0.002
0.001 B % -5 \N Py ) g

X 06 _3 N

Chp

Chws

N ~20-100 10 20 30 4-3-2-10 1 2 0.001
107y Loia RIS N
04 N ‘ "
- i
20000 K { ,
S Q0000 r b 3 -’
i 02 . e

) ~0.001
-0.001 o NN 00 B

-0.002

7 -02

—400 =200 0 200 400 -3 -2 -1 0 1 2 -0.006 -0004 -0.002 0000 0002 0004 0006
Cy Cu Cuw
(@) Cu - Cus (b) Cyo - Cup (¢) Cuw - Cuws

Figure 4: Two-dimensional posteriors among the relevant WCs induced by H, listed in black in tab. 1.
The line contours represent the 68% and 95% Cls and the filled contours with changing opacity denote the
high-probability regions with decreasing probabilities (darker to lighter). These allowed regions are shown
from fits of “EWPQO” data (red), “Higgs” data only (green) and “All” data (blue).

datasets to constrain the BSM parameters. We also highlighted the individual impact of different

datasets (EWPO and Higgs data) through two-dimensional posteriors in the model parameter and

WC spaces. We studied the impact on the parameter constraints by including Renormalisation
group equations; for full details see [6].
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