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Abstract

Within the Standard Model Effective Field Theory framework, with operators up to di-
mension 6, we perform a model-independent analysis of the lepton-flavour-violating pro-
cesses involving tau leptons. Namely, we study hadronic tau decays and (-7 conversion
in nuclei, with £ = ¢, u. Based on available experimental limits, we establish constraints
on the Wilson coefficients of the operators contributing to these processes. The transla-
tion of these constraints into the most general leptoquark framework is also considered.
Our work paves the way to extract the related information from Belle I and foreseen
future experiments.

1 Introduction

Although both light quark and lepton families are triple replicated in nature, their description
in the Standard Model (SM) of particles has a significative difference: while quark families
mix, giving a rich flavour-physics phenomenology, lepton families do not. Then, one naturally
wonders if the charged leptons could also experience flavour violation (CLFV). Following this
reasoning, we performed in Ref. [1] a model-independent analysis of CLFV T processes, i.e.
hadronic 7 decays and £-7t conversion in nuclei, within the framework of the Standard Model
Effective Field Theory [2] (SMEFT), up to D = 6 operators.

Among all possible BSM scenarios, a very well motivated class of theories predicts the
existence of leptoquarks (LQs): electrically charged bosons of spin S = 0, 1 that couples both
to leptons and quarks at the same time. We addressed the most general leptoquark scenario
and applied the bounds from the CLFV analysis to constraint the LQ parameters.

2 Calculation

The SMEFT framework allows us to parametrize in a model-independent way, at the elec-
troweak scale, the effects appearing from new physics living at the energy scale A:

1
Lsmerr = Lsm + Z (m Z Ci(D) Oi(D)) > [Oi(D)] = [ED] : )
i

D>4
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3. RESULTS

Here, while the higher energy scale A usually corresponds to the masses of the heavy
degrees of freedom, the Wilson coefficients (WC) Cl.(D) encode the information of the couplings

of the higher energy theory. In contrast, the operators (’)l.(D) are made out of the SM field
content and contain the low-energy physics information. In this analysis we consider all D = 6
operators driving t-related CLFV phenomena and compute the processes mentioned above.
The corresponding list of operators is given in Ref. [1].

2.1 Hadronic 7 decays

For the decays of the T lepton into hadrons we consider three different sets: 7= — (P,
T~ —= (" PiPyand 7~ — (" V, where { =e,u and P and V stand for pseudoescalar and vector
fields with light-quark content respectively. The computation of the width of these proccesses
has two steps: first, the perturbative amplitudes are calculated from the D = 6 operators of the
SMEFT at the parton level; second, these partons are hadronized into the relevant final states
by means of the chiral perturbation theory (y PT) [3] and resonance chiral theory (Ry T) [4].
For this analysis we considered the experimental bounds set by Belle [5] and Belle II [6] on
the following list of hadronic final states

T—{P: P=n%K%n,7,
T — (PP, : PP, =ntn KK, KK, n"K~,K*n~,
T—LV: V = p°(770), w(782), ¢(1020), K*°(892), K*°(892).

2.2 [ - 7 conversion in nuclei

In this case, we can make use of the QCD factorization theorems to compute the total cross
section of the process through the convolution of a non-perturbative part — the parton dis-
tribution functions (PDFs) — and a perturbative cross section (&) calculated using the D =6
operators of the SMEFT. Hence, the total cross section looks like

O-(—T=6-®f‘ (2)

However, the nuclei are complex objects and their dynamics are not exactly those of the free
partons or nucleons. We should then use the nuclear parton distribution functions (nPDFs) [7]
which enconde also the nuclear effects. For the analysis we considered the experimental
prospects of the NA64 experiment [8].

3 Results

The analysis was performed by using HEPfit [9], an open-source tool based on the Bayesian
statistical framework that allowed us to translate the bounds on the aforementioned processes
into constraints on the ratios C/Acppy. The results were dominated by the Belle and Belle II
bounds on T decays. However, £-T conversion in nuclei turns out to be important — once an
improvement of at least two orders of magnitude in its sensitivity is achieved— in deluting the
correlations among the WCs and hence, unveiling the actual origin of new physics if some of
the LFV 1 decays are measured.

The main results from hadronic 7 decays by Belle and Belle II limits are shown in Fig. 1.
The highest scale was currently probed by the dipole WC C, giving Acipy R 120,330 TeV
from Belle and Belle II limits respectively. Note that these results arise from the marginalized
analysis where we considered all Wilson coefficients at the same time. In Figure 2 a comparison
between this analysis and one considering only one WC at a time is presented. The differences
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stem from the strong correlations among WCs that the marginalized analysis can account for
as opposed to the individual analyses.
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Figure 1: Bounds on Ay as a function of the WCs, from the current Belle (shades of

blue) and expected Belle II (shades of red) limits, both given at the 99.8 % confidence
level (see Ref. [1]).
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Figure 2: Comparison of the bounds on C/ A%LFV [GeV—2] stemming either from the
marginalized or the individual analyses for v decays with current Belle data, both
given at the 99.8% confidence level (see Ref. [1]).
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4 Leptoquarks

In the work of Ref. [10], we translate the bounds from CLFV 7 processes found in Ref. [1] onto
the most general leptoquark framework containing 5 scalar and 5 vectorial new fields.

4.1 EFT matching

In order to translate the bounds from the previous analysis, we had to compute the effective
field theory of leptoquarks by integrating them away and performing the subsequent matching.
Upon the integration of the LQs at leading order, we found first a straightforward matching of
the four-fermion WC to pairs of Yukawa matter couplings of the leptoquarks and second, the
identification A¢ipy = Myq. The rest of D = 6 CLFV-related operators are obtained only at the
next to leading order and they constrain the same pairs of Yukawas, then we did not consider
them except for the case of the rotated C,, since it received the main constraint in the previous
analysis. The vector leptoquarks cannot be unambiguously matched to gauge-boson-related
operators so we only considered the scalar LQ contribution to C,.

4.2 Results

The matching mentioned above between the SMEFT and the leptoquark frameworks provided
bounds on the ratios yy’/ mg v» where y and y’ are just symbolic notation for the different
Yukawa couplings of the leptéquarks. We present those bounds for the scalar case in Table 1
(similar results were found for the vectorial case). Note that there are two pairs of Yukawas
(yolys® and y1t yT®) which are only sensitive to {- conversion in nuclei processes. Then,
only the corresponding bounds apply and these pairs of couplings are accordingly much weaker
constrained. However, we found that, after the integration of the LQs, the bounds stemming
from 7 decays on C, were seting a stronger constraint on these two Yukawa pairs (see bottom

of Table 1).
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