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Introduction

• The tau lepton is the only known lepton that is heavy enough to 

decay into hadrons.

• Semileptonic tau decays are a valuable tool for studying QCD

hadronization at low energies.
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Introduction

• The EM radiative corrections require the inclusion of virtual and 

real photons.

• The SI contributions for the Kπ channel were studied in Phys. Rev. 

D 88 (2013) 7, 073009 and JHEP 10 (2013) 070 .

• The virtual-photon corrections are IR divergent. The virtual loops, which 

treat the K and π as point-like, induce a shift to the form factors:

• In ChPT, three diagrams contribute to this effect.
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Introduction

• The EM radiative corrections require the inclusion of virtual and 

real photons.

• The SI contributions for the Kπ channel were studied in Phys. Rev. 

D 88 (2013) 7, 073009 and JHEP 10 (2013) 070 .

• The SI part of the radiative process is introduced by means of the 

Low theorem.

• The leading Low-term is fully determined by the amplitude of the 

non-radiative decay.
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Amplitude

• The most general structure is given by

• The hadronic matrix elements is

where

JHEP 08 (2002) 002
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Amplitude

• The most general structure is given by

• The vector and axial-vector terms can be split into two parts, 

structure-independent (SI) and structure-dependent (SD), according 

to the Low and Burnett-Kroll theorems.

• At low-energies, the SM of EW and strong interactions is described 
by an EFT known as Chiral Perturbation Theory (ChPT).

JHEP 08 (2002) 002
Phys. Rev. D 95 (2017) 5, 054015
Phys. Rev. D 102 (2020) 114017
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SI contributions

• The SI contribution reads

JHEP 08 (2002) 002
Phys. Rev. D 95 (2017) 5, 054015
Phys. Rev. D 102 (2020) 114017
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We recover the usual 
definition of     

Phys. Rev. D 99 (2019) 093005
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definition of     
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SD contributions

• At O(p4) in ChPT with resonances (RChT), the vector form factors

are saturated by the exchange of vector and axial-vector resonances:
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V0 stands for  
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SD contributions

• At O(p4) in ChPT, the axial form factors, , get contributions 

from the Wess-Zumino-Witten functional:
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• The differential rate for the radiative decays in the tau rest frame is 

given by

• To be sensitive to the dynamics of the radiative transition, a cut on 

photon energies is necessary.

Decay spectrum
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Branching ratio

• The SD contributions

become relevant 
above 300 MeV.
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• The SD contributions

are important even 
below 100 MeV.
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• The Low's approximation is not sufficient to describe these decays 

for photon energies above ~100 MeV.

~ 10 %
~ 34 %
~ 78 %

~ 63 %
~ 226 %
~ 317 %

~ 44 %
~ 85 %
~ 99 %
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• The Low's approximation is not sufficient to describe these decays 

for photon energies above ~100 MeV.

• These decays are an excellent probe for testing SD effects.

~ 21 %
~ 64 %
~ 89 %

~ 12 %
~ 42 %
~ 70 %

~ 61 %
~ 94 %
~ 99 %



Radiative corrections

• The photon-inclusive double differential rate can be written as

• For simplicity, we split the contributions to the decay width as
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Radiative corrections

• The differential decay width can be written as

• For simplicity, we split the contributions to the decay width as
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Model 1 Model 2
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Radiative corrections
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Radiative corrections
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Radiative corrections

• Integrating upon t, we get

where

Electromagnetic corrections to hadronic tau decays in %

23HADRON 2023

JHEP 10 (2013) 070



Impact of radiative corrections on NP 

• The low-energy Lagrangian that describes the 

semileptonic strangeness-conserving (ΔS=0) or -changing (ΔS=1) 
charge current transitions reads,

The one meson decay width is given by

• The partial decay width for two-meson decays is
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Impact of radiative corrections on NP 

• The low-energy Lagrangian that describes the 

semileptonic strangeness-conserving (ΔS=0) or -changing (ΔS=1) 
charge current transitions reads,

The one meson decay width is given by

• The partial decay width for two-meson decays is
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We recover the 
SM case when



Global fit (ΔS=0)

• The chi-squared function to be minimized in our fits is

The constraints for the non-standard interactions

26HADRON 2023

Phys.Lett.B 804 (2020) 135371

Stat. fit, VFF, mq, TFF, 
Rad. Cors



Global fit (ΔS=1)

• The chi-squared function to be minimized in our fits is

The constraints for the non-standard interactions
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Global fit

• Assuming MFV, we can perform a global fit that includes both, the 

strangeness-conserving and -changing sectors.

• The constraints for the non-standard interactions
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Conclusions

• At the current level of precision achieved in semileptonic tau

decays, radiative corrections are required to test the SM and

to extract information about NP.

• We study the electromagnetic corrections to the hadronic tau 

decays. Although the model-independent contribution for the Kπ

modes was already available, a survey of the structure-dependent

one was missing in the literature.

• Our results bridge this gap and decrease the uncertainty by a factor 

∼ 2, enabling more precise tests of NP.
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• All |Vus| determinations based on measured τ branching fractions 
are lower than both the kaon and the CKM-unitarity determinations.

|Vus| from τ decays
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