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1. Introduction

The tau is the only lepton massive enough to decay into mesons, thus offering a clean envi-
ronment to learn about hadronization of QCD currents. This traditional view has recently been
complemented by exploiting its potential for stringent new physics (NP) tests [1].

Along these lines, here we will focus on surveying the radiative corrections (RadCors) to one-
and two-meson tau decays, which enable more precise NP tests. The situation before our last paper
[2] is summarized in table 1, where the precision of the branching ratio (BR) measurement and
the NP applications are mentioned for each channel. Short-distance electroweak RadCors were
computed by Marciano & Sirlin [3, 4]. Electromagnetic RadCors require the inclusion of diagrams
with both virtual (loops) and real photons (initial- and final-state radiation). I will illustrate this
with the one-meson case and just state our results for two mesons in the concluding remarks.

Meson state  BR precision (%) [5] RadCor Application

o 0.5 [6-8] LFU, NSI
K~ 1.4 [6-8] V,.s, LFU, NSI
n~nd 0.4 [9-12] o), a,, NSI
K KO 2.3 X p(), NSI
Korn- 1.7 [13,14] K*,V,,, CPV, NSI
K~ n° 3.5 [13, 14] K*,V,s, NSI
K™n 5.2 X K*, NSI
nnnt 0.5 X ai
n~ 970 1.1 X ap

Table 1: Summary of RadCors for semileptonic tau decay channels, before our paper [2], which completed
them for two-meson tau decays (only the structure-independent one was known for the Kz modes).

2. RadCors to one-meson tau decays: Motivation

— D(a=Pv:[y])
P = TP5uvay])’
(LU) for P = n, K, verifying if g, = g,, stemming from the SM gauge symmetry. Anomalies

related to LU violations have attracted much attention recently in B decays [15]. While the quark
flavors involved are different, low-energy tests of LU currently allow for the most precise analyses

Our main observable of interest is R, which tests lepton flavor universality

of this fundamental property [16]. Specifically, our main RadCor, 6R.,p [6], is defined through

2
Ry/p = Ri(;)P(l + 0R;/p), where the leading order (LO) SM result, RS;)P depends only on
M, m,, mp, which results in a negligible numerical uncertainty.

8z
8u

Important phenomenological and theoretical reasons motivated our reanalysis of 6R-/p [7, 8].
First, lepton universality in purely lepton decays is verified within less than one o [17, 18]. Also,
ATLAS and CMS washed away a long-standing tension from LEP on the ratios between lepton
W decays into 7 flavor, over u and e flavors [19, 20]. While these two tests at the mil and six
per mil level, respectively, reinforce LU at high precision; R,,p was seemingly deviating from LU
with a significance in the range [1.5,2]o, which deserved a close scrutiny. On the formal side, a
cutoff was employed in ref. [6] to regulate the loop integrals, axiomatic QFT properties were only
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fulfilled at LO, and the quoted uncertainties were as small as expected in P — uv,,, but not in tau
decays, where the dynamics is much more complicated by the prominent rdle of resonances. As
byproducts of our project, we will also quote the RadCors on the one-meson tau decays, and use
them to perform CKM unitarity and non-standard interactions (NSI) tests.

3. RadCorsto P — uv,[y] decays

The structure-dependent (SD) part of these RCs is calculated unambiguously within Chiral
Perturbation Theory [21-23]. The model-independent one was obtained by Kinoshita [24] and the
short-distance electroweak universal corrections is included in the Sgw factor [3, 4]. The SD piece
was computed by Cirigliano and Rosell [25, 26] at two loops, and only two counterterms remained
undetermined. A large number of colors (N¢) expansion of QCD in the resonance region was
applied to ensure a short-distance behaviour in accord with the parton picture [27-29], reducing
thereby the associated uncertainty.

4. RadCors to 7 — Pv.[y] decays

The same effective action for QCD in the large-N¢ limit is used here to evaluate the SD part,
wherein we studied the real radiation in refs. [30-32] and the virtual photon piece in [7, 8]. In
analogy to the real photon case, both the vector and axial-vector currents contribute and, under chiral
symmetry, only three form factors appear, one being directly related to the electromagnetic P meson
form factor (known to extremely good accuracy). The remaining two have very simple expressions
when chiral symmetry breaking corrections are neglected and we stick to the lowest-lying LO
contribution in the large N¢ expansion. Namely,

—-NcM;,
24n2Fp(k* — MZ) (W2 - M2)’

Fp M3 -2M7 -k
2 (k2-M2)(W2-M2%)’
)

where W2 and k2 are the W and y (which closes the loop, with the 7 and P) virtualities, respectively,

Fy (W2 k%) = Fi (W k%) =

and the meson masses correspond to their value in the aforementioned limit, in which also the
P decay constant, Fp, is defined. Our setting warrants good ultraviolet behaviour of two- and
three-point Green functions [29, 33, 34]. We will estimate our model-dependent uncertainty by
also computing our RadCors with short-distance constraints corresponding only to two-point Green
functions in accordance with QCD asymptotics [27, 28]. We will find that this error is subdominant,
suggesting that more refined form factors are not needed presently.

5. Calculation of R, /p

As a first check, we confirm the results by Decker and Finkemeier [6] for the structure-
independent (SI) part of the RadCor, 6 R+, p|s;, which is 1.05% (uncertainties not quoted are always
smaller than the accuracy shown) for P = 7 and 1.67% for P = K. Real (r) radiation is negligible in
P decays [25, 26], but not for the 7, where it amounts t0 0.15% (P = ) and (0.18 £0.15)% (P = K).
The virtual (v) SD RadCor reads 6 4 |vsp = (0.54+0.12)% and 6k | vsp = (0.43+0.12)%[25, 26]
in P decays and 6;|vsp = (—=0.48 £0.56)%, 6.k |vsp = (—0.45 £ 0.57)% [7, 8] for 7, yielding
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[7, 81 Rz /xlvsp = (=1.02 £ 0.57)%, 6R+/k|vsp = (—0.88 £ 0.58)%. The different sign of the
vSD corrections to numerator and denominator of R, /x make their combined effect comparable
in size (although with opposite sign) to the SI part. The partial cancellation among these two
contributions will make that the final result (particularly for n) is quite close to the rSD Rad Cor,
which is the smallest among the three components. The uncertainty of the overall correction will
be saturated by that of the vSD piece (see table 2), which basically comes from the one associated
to the u-dependence of the loop integrals.

6. Results

Our results for the RadCor to R, p are summarized in table 2. We point out that our agreement

Contribution OR:/x OR:/k
SI +1.05% +1.67%
rSD +0.15% (+0.18 £ 0.15)%
vSD (-1.02£0.57)% (—0.88 = 0.58)%

Total (+0.18 £0.57)%  (+0.97 = 0.58)%

Table 2: Our results for the RadCor 6R/p [7, 8].

for the central values with [6] is a mere coincidence. Particularly, detailed comparisons are difficult
since their cutting-off the integrals splits unphysically long- and short-distance regimes and leaves
an artificial dependence on the associated scale in the results.

7. Applications

7.1 RadCorsto I'(t — Pv.[y])

As a first application, we give the RadCor (SI+SD) entering the one-meson tau decays

"
1‘@ SEw(l+0d:p). ()

T

G Vun’Fp

[(r — Pre[y) =2

M;

with 67 = (=0.24 + 0.56)% and 6, = (—0.15 + 0.57)%

7.2 LU test

As our main result, we get

2
I'(t — Pve[yD|&c| 0
R.p= ST RO (1+6R,p). (3)
TPETP = D g, T
Using our RadCors and PDG input, we get
871 ~0.9964 +0.0038, |5%| =0.9857+0.0078. (4)
8uln 8u'K

improving agreement on this LU test with respect to [17]. Agreement within one standard deviation
is reached for the 7. The difference in the Kaon case is only mildly diminished (to 1.80") because
uncertainties are mostly statistical.
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7.3 CKM unitarity testin I'(t — Kv.[y])/T'(t — nv.[y])

The first Cabibbo unitarity test uses the ratio among the one meson tau decays

2 2
L(r = Kve[y]) _ | Vus| Fx (1-mg/M7)
(@ = avelyl) | Vua| F (1-m2/M2)

(1+9), )

with 6 = (+0.10 + 0.80)% '. This gives [5, 41] |X—”;’ = (.2288 + 0.0020, that is 2.10- away from
CKM unitarity, considering V,,4 = 0.97373 = 0.000031 [35]. This result is much less precise than

\‘j—”; = 0.2291 £ 0.0009 [36], obtained with kaon semileptonic decays. Again we are limited by
the statistical uncertainties of tau decays measurements.
7.4 CKM unitarity testin I'(t —» Kv.[vy])

A similar test can be carried out using just the decays into kaons, via

2
GLF2 m2
(7 = Kve[y]) = —5 K|vus|2M2(1——’§) Sew(1+6:k), (6)
n M?

yielding |V,s| = 0.2220 + 0.0018, 2.60- away from unitarity using the same V,,4 quoted previously
[35]. The similar test with Kaon semileptonic decays gives |V,s| = 0.2231 + 0.0006, three times
more precise thanks to statistics.

7.5 NSI constraints from I'(t — Pv.[y])

Finally, we can constrain NSI [37] from the one-meson tau decays, where their effect implies
the correction §-p — d-p + 2A.p, with

m2

A T _,e_ T _ e _ __r T 7

TP =€ — € —€p —€p M, (m,, + mD)EP (7

The limits A;; = (=0.15 +0.72) x 1072 and A.x = (=0.36 + 1.18) x 1072 ? correspond to NP
scales beyond ~ 3TeV, for fundamental couplings of SM strength.

8. Conclusions (also on di-meson tau decays and NP tests through them)

Our improved RadCors in Table 2 enable reliable tests of LU, agreeing with that essential
property within one sigma, for the pion case. For Kaons, the difference is still 1.80, and the impact
of our improvement is modest, since the result is statistically dominated. We have also performed
Cabibbo unitarity tests (using the ratio amond both one-meson tau decays, or only the Kaon mode)

I Although this is our published value [7, 8], it is extremely conservative, as it neglects the large correlation on the
renormalization scale dependence of numerator and denominator in eq. (5). We thank Swagato Banerjee and Alberto
Lusiani for insisting on the convenience that we provided the uncertainty accounting for this correlation. In that case, the
main uncertainty comes from the difference of the results obtained with the original resonance Lagrangian of ref. [27] or
its extended version [29, 33]. In this way, the uncertainty on & drops from 0.80% to (0.22 @ 0.24)% = 0.33%, where we
have neglected the (reasonably small this time) correlation between numerator and denominator.

2These are obtained in the M S-scheme at 1 =2 GeV. Similar results were achieved in refs. [38—40].
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which depart between [2.1,2.6]0 from unitarity. Our uncertainty is at least thrice the one of the
tests using Kaon semileptonic decays, which calls for improved measurements of meson tau decays
at Belle-1I and future facilities. Our constraints on NSI are less powerful than those from Kaons, but
still help constraining flat directions in the NP parameter space. Our results have been incorporated
in the HFLAV’22 review [18].

We finish summarizing the results for two mesons tau decays. Using dispersive form factors
for the non-radiative decays [42-47], our analysis [2] (see also [48, 49]) determines the following
RadCors (in %)

sK° 7 = 20.00979910 | 657" = _0.1661%1%0 | 5K K" = _0.030*0.932 |
~ a0 0.114 <K~ 0.029 <K~ n’ 0.422
6™ ™ = -0.186"0 LM 6K = —0.026700% | §K 1 = —0.3047042% (8)

which -for the K case- halve previous uncertainties. The corresponding implications for NSI were
updated (see also e. g. refs. [12, 50-56]) in our paper [2].

Acknowledgments

It is my pleasure to thank the QNP24 organizing committees. I am indebted to Rafel Escribano,
for pleasant collaborations over the years enriched with a deep human component, and for finan-
cial support through the Ministerio de Ciencia e Innovacién under Grant No. PID2020-112965
GB-I100, and by the Departament de Recerca i Universitats from Generalitat de Catalunya to the
Grup de Recerca “Grup de Fisica Teorica UAB/IFAE” (Codi: 2021 SGR 00649). I acknowledge
partial Conahcyt support, specifically from project CB2023-2024-3226. I thank wholeheartedly the
hospitality of the SM group at IFAE -where this contribution was written- which I was extremely
glad to visit again, eleven years after I left at the end of my first postdoc.

References

[1] A. Pich, “Precision Tau Physics,” Prog. Part. Nucl. Phys. 75 (2014), 41-85,
doi:10.1016/j.ppnp.2013.11.002, [arXiv:1310.7922 [hep-ph]].

[2] R. Escribano, J. A. Miranda and P. Roig, “Radiative corrections to the T~ — (P1P2)” (P12 =
7, K)v; decayss,” Phys. Rev. D 109 (2024) no.5, 053003, doi: 10.1103/PhysRevD.109.053003,
[arXiv:2303.01362 [hep-ph]].

[3] A. Sirlin, “Current Algebra Formulation of Radiative Corrections in Gauge Theories and the
Universality of the Weak Interactions,” Rev. Mod. Phys. 50 (1978), 573, [erratum: Rev. Mod.
Phys. 50 (1978), 905], doi:10.1103/RevModPhys.50.573.

[4] W. J. Marciano and A. Sirlin, “Electroweak Radiative Corrections to tau Decay,” Phys. Rev.
Lett. 61 (1988), 1815-1818, doi:10.1103/PhysRevLett.61.1815.

[5] R. L. Workman et al. [Particle Data Group], “Review of Particle Physics,” PTEP 2022 (2022),
083CO01, doi:10.1093/ptep/ptac097.



Radiative corrections to one- and two-meson tau decays for precise new physics tests Pablo Roig

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

R. Decker and M. Finkemeier, “Short and long distance effects in the decay tau -> pi tau-
neutrino (gamma),” Nucl. Phys. B 438 (1995), 17-53, doi:10.1016/0550-3213(95)00597-L,
[arXiv:hep-ph/9403385 [hep-ph]].

M. A. Arroyo-Ureiia, G. Hernandez-Tomé, G. L6pez-Castro, P. Roig and I. Rosell, “Radiative
corrections to T — n(K)v.[y]: A reliable new physics test,” Phys. Rev. D 104 (2021) no.9,
L091502, doi:10.1103/PhysRevD.104.L.091502, [arXiv:2107.04603 [hep-ph]].

M. A. Arroyo-Ureiia, G. Hernandez-Tomé, G. Lopez-Castro, P. Roig and 1. Rosell, “One-loop
determination of T — n(K)v[y] branching ratios and new physics tests,” JHEP 02 (2022),
173, doi:10.1007/JTHEP02(2022)173, [arXiv:2112.01859 [hep-ph]].

V. Cirigliano, G. Ecker and H. Neufeld, “Isospin violation and the magnetic moment of the
muon,” Phys. Lett. B 513 (2001), 361-370, doi:10.1016/S0370-2693(01)00764-X, [arXiv:hep-
ph/0104267 [hep-ph]].

V. Cirigliano, G. Ecker and H. Neufeld, “Radiative tau decay and the magnetic moment of the
muon,” JHEP 08 (2002), 002, doi:10.1088/1126-6708/2002/08/002, [arXiv:hep-ph/0207310

[hep-ph]].

F. Flores-Béez, A. Flores-Tlalpa, G. Lépez Castro and G. Toledo Sanchez, “Long-distance
radiative corrections to the di-pion tau lepton decay,” Phys. Rev. D 74 (2006), 071301,
doi:10.1103/PhysRevD.74.071301, [arXiv:hep-ph/0608084 [hep-ph]].

J. A. Miranda and P. Roig, “New t-based evaluation of the hadronic contribution to the
vacuum polarization piece of the muon anomalous magnetic moment,” Phys. Rev. D 102
(2020), 114017, doi:10.1103/PhysRevD.102.114017, [arXiv:2007.11019 [hep-ph]].

M. Antonelli, V. Cirigliano, A. Lusiani and E. Passemar, “Predicting the T strange branch-
ing ratios and implications for V,,” JHEP 10 (2013), 070, doi:10.1007/JHEP10(2013)070,
[arXiv:1304.8134 [hep-ph]].

F. V. Flores-Baéz and J. R. Morones-lbarra, “Model Independent Electromag-
netic corrections in hadronic T decays,” Phys. Rev. D 88 (2013) no.7, 073009,
doi:10.1103/PhysRevD.88.073009, [arXiv:1307.1912 [hep-ph]].

J. Albrecht, D. van Dyk and C. Langenbruch, “Flavour anomalies in heavy quark
decays,” Prog. Part. Nucl. Phys. 120 (2021), 103885, doi:10.1016/j.ppnp.2021.103885,
[arXiv:2107.04822 [hep-ex]].

D. Bryman, V. Cirigliano, A. Crivellin and G. Inguglia, “Testing Lepton Flavor Universality
with Pion, Kaon, Tau, and Beta Decays,” Ann. Rev. Nucl. Part. Sci. 72 (2022), 69-91,
doi:10.1146/annurev-nucl-110121-051223, [arXiv:2111.05338 [hep-ph]].

Y. S. Amhis et al. [HFLAV], “Averages of b-hadron, c-hadron, and t-lepton properties
as of 2018, Eur. Phys. J. C 81 (2021) no.3, 226, doi:10.1140/epjc/s10052-020-8156-7,
[arXiv:1909.12524 [hep-ex]].



Radiative corrections to one- and two-meson tau decays for precise new physics tests Pablo Roig

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Y. S. Amhis et al. [HFLAV], “Averages of b-hadron, c-hadron, and $t-lepton properties
as of 2021, Phys. Rev. D 107 (2023) no.5, 052008, doi:10.1103/PhysRevD.107.052008,
[arXiv:2206.07501 [hep-ex]].

G. Aad et al. [ATLAS], “Test of the universality of T and u lepton couplings in W-boson
decays with the ATLAS detector,” Nature Phys. 17 (2021) no.7, 813-818, doi:10.1038/s41567-
021-01236-w, [arXiv:2007.14040 [hep-ex]].

A. Tumasyan et al. [CMS], “Precision measurement of the W boson decay branching frac-
tions in proton-proton collisions at /s = 13 TeV,” Phys. Rev. D 105 (2022) no.7, 072008,
doi:10.1103/PhysRevD.105.072008, [arXiv:2201.07861 [hep-ex]].

S. Weinberg, “Phenomenological Lagrangians,” Physica A 96 (1979) no.1-2, 327-340,
doi:10.1016/0378-4371(79)90223-1.

J. Gasser and H. Leutwyler, “Chiral Perturbation Theory to One Loop,” Annals Phys. 158
(1984), 142, do0i:10.1016/0003-4916(84)90242-2.

J. Gasser and H. Leutwyler, “Chiral Perturbation Theory: Expansions in the Mass of the
Strange Quark,” Nucl. Phys. B 250 (1985), 465-516, doi:10.1016/0550-3213(85)90492-4.

T. Kinoshita, “Radiative corrections to pi - e decay,” Phys. Rev. Lett. 2 (1959), 477,
doi:10.1103/PhysRevLett.2.477.

V. Cirigliano and I. Rosell, “Two-loop effective theory analysis of pi (K) -> e anti-nu/e [ gamma]
branching ratios,” Phys. Rev. Lett. 99 (2007), 231801, doi:10.1103/PhysRevLett.99.231801,
[arXiv:0707.3439 [hep-ph]].

V. Cirigliano and I. Rosell, “pi/K -> e anti-nu(e) branching ratios to O(e**2 p**4) in
Chiral Perturbation Theory,” JHEP 10 (2007), 005, doi:10.1088/1126-6708/2007/10/005,
[arXiv:0707.4464 [hep-ph]].

G. Ecker, J. Gasser, A. Pich and E. de Rafael, “The Role of Resonances in Chiral Perturbation
Theory,” Nucl. Phys. B 321 (1989), 311-342, doi:10.1016/0550-3213(89)90346-5.

G. Ecker, J. Gasser, H. Leutwyler, A. Pich and E. de Rafael, “Chiral Lagrangians for Massive
Spin 1 Fields,” Phys. Lett. B 223 (1989), 425-432, doi:10.1016/0370-2693(89)91627-4.

V. Cirigliano, G. Ecker, M. Eidemuller, R. Kaiser, A. Pich and J. Portoles, “Towards a
consistent estimate of the chiral low-energy constants,” Nucl. Phys. B 753 (2006), 139-177,
doi:10.1016/j.nuclphysb.2006.07.010, [arXiv:hep-ph/0603205 [hep-ph]].

Z. H. Guo and P. Roig, “One meson radiative tau decays,” Phys. Rev. D 82 (2010), 113016,
doi:10.1103/PhysRevD.82.113016, [arXiv:1009.2542 [hep-ph]].

A. Guevara, G. Lopez Castro and P. Roig, “Weak radiative pion vertex in 7~ —
n~ v decays,” Phys. Rev. D 88 (2013) no.3, 033007, doi:10.1103/PhysRevD.88.033007,
[arXiv:1306.1732 [hep-ph]].



Radiative corrections to one- and two-meson tau decays for precise new physics tests Pablo Roig

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

A. Guevara, G. L. Castro and P. Roig, “Improved description of dilepton production in T~ —
v P~ decays,” Phys. Rev. D 105 (2022) no.7, 076007, doi:10.1103/PhysRevD.105.076007,
[arXiv:2111.09994 [hep-ph]].

K. Kampf and J. Novotny, “Resonance saturation in the odd-intrinsic parity sector of
low-energy QCD,” Phys. Rev. D 84 (2011), 014036, doi:10.1103/PhysRevD.84.014036,
[arXiv:1104.3137 [hep-ph]].

P. Roig and J. J. Sanz Cillero, “Consistent high-energy constraints in the anomalous
QCD sector,” Phys. Lett. B 733 (2014), 158-163, doi:10.1016/j.physletb.2014.04.034,
[arXiv:1312.6206 [hep-ph]].

J. C. Hardy and 1. S. Towner, “Superallowed 0 — 0 nuclear B decays: 2020 critical
survey, with implications for V4 and CKM unitarity,” Phys. Rev. C 102 (2020) no.4, 045501,
doi:10.1103/PhysRevC.102.045501.

C. Y. Seng, D. Galviz, W. J. Marciano and U. G. MeiBner, “Update on |Vus| and
|Vus/Vud| from semileptonic kaon and pion decays,” Phys. Rev. D 105 (2022) no.1, 013005,
doi:10.1103/PhysRevD.105.013005, [arXiv:2107.14708 [hep-ph]].

V. Cirigliano, J. Jenkins and M. Gonzélez-Alonso, “Semileptonic decays of light quarks beyond
the Standard Model,” Nucl. Phys. B 830 (2010), 95-115, doi:10.1016/j.nuclphysb.2009.12.020,
[arXiv:0908.1754 [hep-ph]].

V. Cirigliano, A. Falkowski, M. Gonzalez-Alonso and A. Rodriguez-Sanchez, “Hadronic T
Decays as New Physics Probes in the LHC Era,” Phys. Rev. Lett. 122 (2019) no.22, 221801,
doi:10.1103/PhysRevLett.122.221801, [arXiv:1809.01161 [hep-ph]].

S. Gonzalez-Solis, A. Miranda, J. Rendén and P. Roig, “Exclusive hadronic tau
decays as probes of non-SM interactions,” Phys. Lett. B 804 (2020), 135371,
doi:10.1016/j.physletb.2020.135371, [arXiv:1912.08725 [hep-ph]].

V. Cirigliano, D. Diaz-Calderén, A. Falkowski, M. Gonzdlez-Alonso and A. Rodriguez-
Sanchez, “Semileptonic tau decays beyond the Standard Model,” JHEP 04 (2022), 152,
doi:10.1007/JTHEP04(2022)152, [arXiv:2112.02087 [hep-ph]].

Y. Aoki et al. [Flavour Lattice Averaging Group (FLAG)], “FLAG Review 2021,” Eur. Phys. J.
C82(2022) no.10, 869, doi:10.1140/epjc/s10052-022-10536-1, [arXiv:2111.09849 [hep-lat]].

D. Gémez Dumm and P. Roig, “Dispersive representation of the pion vector form factor in
T — v, decays,” Eur. Phys. J. C 73 (2013) no.8, 2528, doi: 10.1140/epjc/s10052-013-2528-
1, [arXiv:1301.6973 [hep-ph]].

S. Gonzalez-Solis and P. Roig, “A dispersive analysis of the pion vector form factor and
7~ — K Kgsv; decay,” Eur. Phys. J. C 79 (2019) no.5, 436, doi:10.1140/epjc/s10052-019-
6943-9, [arXiv:1902.02273 [hep-ph]].



Radiative corrections to one- and two-meson tau decays for precise new physics tests Pablo Roig

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

M. Jamin, J. A. Oller and A. Pich, “Strangeness changing scalar form-factors,” Nucl. Phys.
B 622 (2002), 279-308, doi:10.1016/S0550-3213(01)00605-8, [arXiv:hep-ph/0110193 [hep-

ph]].

R. Escribano, S. Gonzalez-Solis and P. Roig, “7~ — K ‘n(’)vT decays in Chiral Pertur-
bation Theory with Resonances,” JHEP 10 (2013), 039, doi:10.1007/JHEP10(2013)039,
[arXiv:1307.7908 [hep-ph]].

R. Escribano, S. Gonzélez-Solis, M. Jamin and P. Roig, “Combined analysis of the decays
7 — Kgn~ vy and T~ — K™ nv;,” JHEP 09 (2014), 042, doi:10.1007/JTHEP09(2014)042,
[arXiv:1407.6590 [hep-ph]].

R. Escribano, S. Gonzalez-Solis and P. Roig, “Predictions on the second-class current decays
T —> ﬂ‘n(’)vT,” Phys. Rev. D 94 (2016) no.3, 034008, doi:10.1103/PhysRevD.94.034008,
[arXiv:1601.03989 [hep-ph]].

A. Guevara, G. Lépez-Castro and P. Roig, “7~ — n" n~v,y decays as backgrounds
in the search for second class currents,” Phys. Rev. D 95 (2017) no.5, 054015,
doi:10.1103/PhysRevD.95.054015, [arXiv:1612.03291 [hep-ph]].

J. L. Gutiérrez Santiago, G. Lépez Castro and P. Roig, “Lepton-pair production in dipion 7
lepton decays,” Phys. Rev. D 103 (2021) no.1, 014027, doi:10.1103/PhysRevD.103.014027,
[arXiv:2012.01587 [hep-ph]].

E. A. Garcés, M. Herndndez Villanueva, G. L6pez Castro and P. Roig, “Effective-field theory
analysis of thet™ — 7](’) n~ v decays,” JHEP 12 (2017), 027, doi:10.1007/JHEP12(2017)027,
[arXiv:1708.07802 [hep-ph]].

V. Cirigliano, A. Crivellin and M. Hoferichter, “No-go theorem for nonstandard expla-
nations of the T — Ksnv, CP asymmetry,” Phys. Rev. Lett. 120 (2018) no.14, 141803,
doi:10.1103/PhysRevLett.120.141803, [arXiv:1712.06595 [hep-ph]].

J. A. Miranda and P. Roig, “Effective-field theory analysis of the T~ — n~n°v+ decays,” THEP
11 (2018), 038, doi:10.1007/JTHEP11(2018)038, [arXiv:1806.09547 [hep-ph]].

J. Rendé6n, P. Roig and G. Toledo Sanchez, “Effective-field theory analysis of the T~ —
(Km)~ vy decays,” Phys. Rev. D 99 (2019) no.9, 093005, doi:10.1103/PhysRevD.99.093005,
[arXiv:1902.08143 [hep-ph]].

S. Gonzalez-Solis, A. Miranda, J. Rendén and P. Roig, “Effective-field theory anal-
ysis of the v~ — K~ (n\"),K°)v; decays” Phys. Rev. D 101 (2020) no.3, 034010,
doi:10.1103/PhysRevD.101.034010, [arXiv:1911.08341 [hep-ph]].

P. Masjuan, A. Miranda and P. Roig, “r data-driven evaluation of Euclidean win-
dows for the hadronic vacuum polarization,” Phys. Lett. B 850 (2024), 138492,
doi:10.1016/j.physletb.2024.138492, [arXiv:2305.20005 [hep-ph]].

10



Radiative corrections to one- and two-meson tau decays for precise new physics tests Pablo Roig

[56] G. L. Castro, A. Miranda and P. Roig, “Isospin breaking corrections in 2n production
in tau decays and e*e” annihilation: consequences for the muon g — 2 and CVC tests,”
[arXiv:2411.07696 [hep-ph]].

11



	Introduction
	RadCors to one-meson tau decays: Motivation
	RadCors to P[] decays
	RadCors to P[] decays
	Calculation of R/P
	Results
	Applications
	RadCors to (P[])
	LU test
	CKM unitarity test in (K[])/([])
	CKM unitarity test in (K[])
	NSI constraints from (P[])

	Conclusions (also on di-meson tau decays and NP tests through them)

