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The Standard Model Effective Field Theory (SMEFT) offers a systematic framework to probe
possible heavy extensions of the Standard Model. Since different extensions of the Standard
Model contribute to a broad set of Wilson coefficients, the global analyses approach is essential
to capture their combined impact and disentangle possible new-physics scenarios. With the
increasing precision and breadth of experimental data, it becomes essential to ensure a theoretically
consistent interpretation. A key aspect in this regard is the role of renormalisation group evolution
(RGE), which links measurements performed at different energy scales and provides the correct
treatment of scale hierarchies in combined fits. In this study, we examine the consequences of
incorporating RGE effects into a global SMEFT analysis under the assumption of a 𝑈 (3)5 flavour
symmetry for dimension-six operators. Our results demonstrate that RGE running not only
strengthens the bounds on certain Wilson coefficients that were previously weakly constrained,
but also introduces novel correlations among parameters absent at tree level. These findings
highlight the significant impact of RGE on the interpretation of SMEFT global fits.
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1. Introduction

In the absence of direct discoveries of new physics (NP), the Standard Model Effective Field
Theory (SMEFT) [1, 2] provides a systematic and model-independent framework for parametrising
potential deviations from the predictions of the Standard Model (SM). Rather than relying on a
specific ultraviolet (UV) completion, SMEFT encodes the effects of heavy degrees of freedom into
higher-dimensional operators, allowing for a unified description of a wide variety of possible NP
scenarios. Within this framework, global analyses are of particular importance, as they treat all
relevant Wilson coefficients simultaneously, thereby providing a physically more meaningful inter-
pretation of the constraints on new physics. Such studies encompass a wide range of observables,
including low-energy precision measurements [3], flavour processes [4, 5], electroweak precision
observables (EWPO) [6, 7], and top-quark interactions [8, 9], as well as combined datasets that
integrate information from different sectors [10–14].

Most existing global SMEFT fits, especially those applied to LHC data, are performed directly
at the energy scale of the observables. In many cases, this procedure neglects the effects of
renormalisation group evolution (RGE) [15–17], which describe the scale dependence of Wilson
coefficients as one moves from the NP scale Λ down to the experimentally probed scales. While
such an approximation may suffice in restricted settings, a faithful interpretation of SMEFT results
requires accounting for these effects. This is particularly true when combining measurements
obtained at widely separated energies into a single global analysis, where the omission of RGE
contributions can lead to inconsistencies. The importance of incorporating RGE effects into
SMEFT fits, especially in the context of high-energy collider observables and projections for future
facilities, has only recently begun to receive focused attention [18–24].

In this proceeding, we investigate in detail the role of RGE effects in shaping the outcome of
global SMEFT analyses. In our study we include observables covering a broad energy spectrum,
ranging from sub-GeV processes to multi-TeV collider measurements. In particular, we perform a
RGE-improved fit of all CP-even Wilson coefficients in the Warsaw basis [2], under the assumption
of a 𝑈 (3)5 flavour symmetry imposed at the matching scale on the dimension six coefficients.

2. SMEFT assumptions and fit input

2.1 Fit input and truncation

The SMEFT Lagrangian, truncated at dimension six, can be expressed as

LSMEFT = LSM +
∑︁
𝑖

𝐶𝑖

Λ2 𝑄𝑖 , (1)

where𝐶𝑖 are the Wilson coefficients associated with the operators𝑄𝑖 in the Warsaw basis [2], and Λ

represents the new physics scale, which we fix at Λ = 4 TeV throughout this study. All predictions
are truncated at linear order in the Wilson coefficients, neglecting O(Λ−4) terms arising from
quadratic contributions. The electroweak input parameters used are the electromagnetic coupling,
the 𝑍 boson mass, and the Fermi constant, {𝛼, 𝑀𝑍 , 𝐺𝐹}.

Our global analysis incorporates observables spanning a wide range of energies, from sub-GeV
measurements to multi-TeV collider distributions. The datasets considered include electroweak

2



P
o
S
(
E
P
S
-
H
E
P
2
0
2
5
)
3
9
5

P
o
S
(
E
P
S
-
H
E
P
2
0
2
5
)
3
9
5

Renormalisation Group Evolution and Its Role in SMEFT Global Analyses Riccardo Bartocci

precision observables (EWPO), diboson processes, Higgs and top measurements, low-energy parity
violation experiments (PVE), lepton scattering, flavour observables, Drell–Yan processes, and dijet
plus photon production. A detailed description of the datasets can be found in [13, 23].

2.2 Flavour symmetry assumption

In this work we adopt a 𝑈 (3)5 flavour symmetry,

𝑈 (3)5 = 𝑈 (3)ℓ ×𝑈 (3)𝑞 ×𝑈 (3)𝑒 ×𝑈 (3)𝑢 ×𝑈 (3)𝑑 ,

on the SMEFT dimension six operators, which restricts flavour violation to that induced by the SM
Yukawa couplings, in line with strong experimental constraints from flavour physics [25–27]. This
symmetry assumption corresponds to the lowest order of the Minimal Flavour Violation (MFV)
expansion [28]. Under this assumption, the SMEFT contains 47 independent operators. For certain
four-fermion structures with identical chiralities (O (1,3)

𝑞𝑞 , O𝑙𝑙, O𝑑𝑑 , O𝑢𝑢), there exist two independent
𝑈 (3)5-singlet contractions, leading to distinct “primed” and “unprimed” Wilson coefficients. Their
phenomenological impact can differ, as illustrated by O𝑙𝑙, where𝐶′

𝑙𝑙
is tightly constrained by EWPO

via its effect on 𝐺𝐹 , while 𝐶𝑙𝑙 is mainly probed in 𝑒+𝑒− → ℓ+ℓ− scattering.
Although this framework is flavour conserving at the high scale, flavour-violating effects are

generated radiatively through RGE running, owing to the interplay between SM flavour violation
and NP operators [29]. Among the 47 operators, six are CP-odd (purely bosonic) and are constrained
by dedicated CP-sensitive measurements [30]; they are therefore here omitted. Our analysis thus
focuses on the remaining 41 CP-even operators.

2.3 Why including RGE?

Incorporating the effects of RGE is particularly important given the wide range of energy scales
spanned by the observables in our fit. These range from below 1 GeV for low-energy parity violation
experiments (PVE), through the 𝑍 boson mass for electroweak precision observables (EWPO), up
to 2.3 TeV for Drell–Yan and 𝑡𝑡 kinematic distributions.

Figure 1 illustrates the energy scales associated with the hundreds of observables included
in the analysis. Most lie near the electroweak scale, while 45 observables from dijet, DY, and
top measurements exceed 1 TeV, and 118 lie above 500 GeV. Low-energy measurements from the
flavour sector, PVE, and lepton scattering correspond to scales below 10 GeV.

Such large scale separations necessitate RGE-improved perturbation theory. Its inclusion,
often neglected in SMEFT global fits, allows for a consistent combination of datasets measured at
different energies, while providing bounds on Wilson coefficients at a common scale. Moreover,
the RGE-improved fit enables a direct connection to UV-complete models defined at high scales,
by evolving predictions down to the energy scales of the experimental data.

Finally, RGE effects provide a first estimate of logarithmic loop contributions in observables
where the full NLO corrections are not yet available, offering partial insight into the potential impact
of a complete NLO treatment on the global fit.

2.4 Inclusion of RGE

In order to account for RGE effects, we need to assign a scale to each of our observables.
As a baseline, we define the scale as the mass of the 𝑍 boson, the mass of the Higgs boson 𝑚ℎ

3
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Figure 1: Energy scales corresponding to the observables included in our global analysis.

and the mass of the top quark 𝑚𝑡 in EWPO, Higgs and top-quark observables, respectively. In
energy-dependent kinematic distributions, we use the invariant mass of the final state particles or
the squared sum of a particle mass and its transverse momentum,

√︃
𝑚2

𝑖
+ 𝑝2

𝑇,𝑖
, as a scale measure.

For bins in distributions, we use the lower edge of each bin as a measure of the scale of the process,
as most distributions fall off quickly with enhanced energy.

To perform the RG evolution, we employ the DsixTools package [31–35] and resummed
leading-log RGE effects are included via its evolution matrix approach.

3. Impact of RGE on single parameter fits

To quantify the impact of RGE effects, we first consider single-parameter fits. RGE running
induces mixing among operators, allowing datasets that provide weak or no constraints at LO to
generate significant bounds at the high scale. In some cases, these new constraints are competitive
with, or stronger than, the LO limits.

Figure 2 shows the single-parameter limits before (dashed) and after (solid) including RGE
effects for individual datasets. Only the strongest LO bound and LO+RGE bounds within a factor
of two of the strongest are displayed. For instance, 𝐶𝐺 is dominantly constrained by top-quark
processes at LO, but mixing with 𝐶𝐻𝐺 introduces additional bounds from Higgs data.

Operators such as 𝐶 (1)
𝑞𝑑

, 𝐶 (1)
𝑞𝑢 , and 𝐶

(1)
𝑢𝑑

, which at LO are poorly constrained by dijet+𝛾 data,
acquire significant bounds from EWPO, PVE, and DY through mixing with semileptonic operators
and with𝐶𝐻𝑢 and𝐶𝐻𝑑 . Similarly, 𝐶 (1)

𝑞𝑞 remains constrained by dijet data, but RGE-induced mixing
with 𝐶

(1)
𝐻𝑞

and 𝐶𝑞𝑒 strengthens the bounds from EWPO and PVE.
For 𝐶𝑢𝑢, mixing with 𝐶𝐻𝑢, 𝐶𝑒𝑢, and 𝐶𝑙𝑢 adds constraints from EWPO, DY, and PVE, although

the dominant limit still arises from dijet data. Finally, 𝐶𝑑𝑑 and 𝐶′
𝑑𝑑

, initially constrained by
dijet measurements, receive substantial additional bounds from DY via mixing with semileptonic
operators, with DY providing the strongest single-parameter limit for 𝐶𝑑𝑑 .
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Figure 2: Single-parameter limits on the Wilson coefficients before (dashed) and after (solid) the inclusion
of RGE effects from different datasets. We only display the strongest bound for the LO case and the LO+RGE
bounds which are at most a factor two wider than the strongest bound in this setting. The different panels
separate operators involving only gauge fields, four-quark operators with a suppressed interference in dijets+𝛾
production and additional four-quark operators.

4. RGE effects on the global analysis

We present in this section the results of our global analyses.
In Figure 3, we show the 95% CL limits from a global fit on all 41 Wilson coefficients. We

compare the bounds from the LO analysis (blue) and the RGE improved LO analysis (orange).
We also show the limits from a RGE improved analysis based on partial NLO predictions (green),
which in particular include strong and electroweak corrections to EWPO from [36], SMEFT
predictions for top observables as provided by the SMEFit collaboration [37] and we also include
the NLO predictions for gluon fusion Higgs production, 𝑡𝑡ℎ production and the loop-induced decays
ℎ → 𝑔𝑔, 𝛾𝛾 [38].

Overall, the most significant impact of including RGE effects is the lifting of the (nearly)
flat directions present in the LO fit. In particular, the bounds on 𝐶

(1)
𝑞𝑑

, 𝐶 (1)
𝑞𝑢 , 𝐶 (1)

𝑢𝑑
, and 𝐶𝑑𝑑 are

substantially strengthened, as these coefficients are only weakly constrained at LO. In contrast, the
limits on 𝐶

(1)
𝐻𝑞

, 𝐶𝐻𝑢, and 𝐶𝐻𝑑 are noticeably weakened compared to the LO fit without RGE. These
effects are reduced when partial NLO contributions are taken into account. This result highlights
the need for more NLO computations to be included in global analyses.

To estimate the uncertainty on the limits related to the choice of the scales, we varied these

5
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Figure 3: Comparison of the limits on the Wilson coefficients from a global fit purely based on LO
predictions (LO), with those including RGE effects (LO+RGE) and including partial NLO predictions
(NLO+RGE). The darker shading represents the scale uncertainty, estimated by varying the central scale
to double or half of its value. The horizontal lines correspond to the limits at the central scale. Note that
some Wilson coefficients have been scaled by appropriate factors on the 𝑥 axis and that the 𝑦 axis is different
between the two panels.

scales between twice and half of the central scale value. The corresponding variation in the bounds
on the Wilson coefficients is shown in Figure 3 in a darker shade. For most Wilson coefficients, the
bounds change by less than 20% when the scale is varied, highlighting the robustness of the limits.

Of particular interest is the change in the correlation pattern once RGE effects are taken into
account. The global limits on𝐶 (1)

𝐻𝑞
, 𝐶𝐻𝑢 and𝐶𝐻𝑑 , which contribute to modified 𝑍𝑞𝑞(ℎ) couplings,

increase by factors 10.1, 4.5 and 5.9, respectively. This is the result of significant correlations
between the quark-gauge operators and four-quark operators induced by the RG evolution. In the
top left panel of Fig. 4, we show the correlations of 𝐶 (1)

𝐻𝑞
, 𝐶𝐻𝑢 and 𝐶𝐻𝑑 with selected four-quark

operators after including RGE effects in the fit. As one can see, several correlations are above
the 50% level. To highlight how much of these correlations is due to the RGE effects, in the top
right panel of Fig. 4, we show the difference between the absolute values between before and after
including RGE effects in the fit. The absolute correlations of the operators 𝐶 (1)

𝐻𝑞
, 𝐶𝐻𝑢, and 𝐶𝐻𝑑

with 𝐶
(1)
𝑢𝑑

, 𝐶 (1)
𝑞𝑞 , 𝐶 (1)′

𝑞𝑞 , 𝐶 (3)
𝑞𝑞 , 𝐶 (3)′

𝑞𝑞 , and 𝐶𝑢𝑢 all increase by at least 36%. Evidently, the RGE
improvement induces strong correlations between the gauge-quark operators and several four-quark
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Figure 4: Left: Correlation 𝜌 (in percent) between selected Wilson coefficients in the LO+RGE fit. Right:
Difference between the absolute values of the correlations before and after the inclusion of RGE in the fit.

operators.

5. Conclusion and outlook

Incorporating RGE effects provides a key improvement in global SMEFT analyses, allowing
for a coherent combination of observables spanning a wide range of energy scales. Although
many Wilson coefficients are only moderately affected, some experience noticeable changes in their
bounds induced by RGE running. These effects can indeed generate constraints from datasets that
would otherwise be insensitive at LO and introduce additional correlations among operators.

Four-fermion operators generally see strengthened limits because of their mixing with coeffi-
cients tightly constrained by EWPO or Drell-Yan data. In contrast, bounds on operators affecting
𝑍𝑞𝑞(ℎ) interactions, such as 𝐶 (1)

𝐻𝑞
, 𝐶𝐻𝑢, 𝐶𝐻𝑑 , are relaxed in the RGE-improved fit.

Overall, this study emphasises the intricate connections between different observables and
datasets once RGE is considered, underlining the importance of these effects in producing consistent
and reliable constraints on SMEFT Wilson coefficients in global analyses.
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