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Motivation for �  radiative corrections in �O(α) τ → Pντ

 Test of LFU in tau decays

  Bounds on NSI in SMEFT, from exclusive semileptonic channels


  Garcés et al 17; Cirigliano et al ’19; Gonzalez-Solís et al ‘20

  “Anomalous” values of � |Vus |
Talks by Marciano, Hertzog,  Zupan, Martini, Celani,……



Interest of precision in exclusive �  channelsτ− → H−ντ

�  Decker+Finkemeier ’95 
�  Cirigliano et al’01, Flores-Tlalpa et al’06, Miranda+Roig ’20 
�  Antonelli et al’13 
  Short-Distance corrections: Sirlin’78; Marciano-Sirlin’93
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Main targets of radcorr in �τ− → P−ντ
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- � , long-distance (L-D) 
- hadrons as DOF �  Scalar QED 

kγ ≪ Λh

→
-�  ,short-distance (S-D) 
- quarks as DOF  �  SM
kγ ≫ Λh

→

Necessary: 

• A good model of � -hadron interactions to interpolate L-D & S-D (VMD, R � Th, …)


• Tree-level is purely axial hadronic current. Axial and vector interactions get involved 
simultaneously in radcorr

γ χ

τ−

ντ

π−, K−

τ−

ντ

ū

d, s

�  non-perturbative 
region, resonances

kγ ∼ Λh

Λh

Difficulties with Radcorr in semileptonics ….
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� -hadron interactions: structure-dependent FF  + resonancesγ



VMD approach: Decker and Finkemeier ’93-‘95
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• Corrections dependent 

on matching scale �  

to separate S-D and L-D

corrections

μcut
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VMD approach: Decker and Finkemeier ’93-‘95

Fπ
V(t) =

Fπ
V(0)

1 + σ + ρ [BWρ(t) + σBWρ′�(t) + ρBWρ′�′�(t)],

Fπ
A(t) = Fπ

A(0)BWa1
(t)

• Corrections dependent 

on matching scale �  

to separate S-D and L-D

corrections

μcut

• QCD constrains implemented for � .

     Different FF for real and virtual corrections


• Uncertainties: hadronic parameters (FF), �  GeV, 


• Results:  �  and �

FV(t)

μcut = 1 ∼ 2

δRτ/π = (0.16 ± 0.14) % δRτ/K = (0.90 ± 0.22) %
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• � :  scalar QED in virtual and real photon IB corrections 

• � :  structure-dependent (FF) virtual and real photon SD corrections 

• ! :  short-distante electroweak corrections  !   

• ! :  leading order decay  

      rate (! )
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General form of corrected rate at �O(α)
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1. Structure-Independent  (SI) virtual+real photon corrections (IR-finite)
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a) Real photon SD corrections: � �| IB + SD |2 = | IB |2 + |SD |2 + interference
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2. Structure-Dependent (SD) radiative corrections



a) Real photon SD corrections: � �| IB + SD |2 = | IB |2 + |SD |2 + interference
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b) Virtual Photon SD corrections: form factors in loops 2107.04603 
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2. Structure-Dependent (SD) radiative corrections



• P decays within ChPT [counterterms can be determined by matching ChPT with the 
resonance effective approach at higher energies], whereas τ  decays within 
resonance effective approach [no matching to determine the counterterms]. 

• Estimation of the model-dependence by comparing our results with a less general 
scenario where only well-behaved two-point Green functions and a reduced 
resonance Lagrangian is used: ±0.22% and ±0.24% for the pion and the kaon case. 

• Estimation of the counterterms by considering the running between 0.5 and 1.0 GeV: 
±0.52%. 

Summary of results
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due to larger uncertainties 

0.9σ π 1.8σ

Consequences for tests of the SM and NP
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due to larger uncertainties 

0.9σ π 1.8σ

�(⌧ ! P⌫⌧ [�]) =
G2

F |VuD|2F 2
P

8⇡
M3

⌧

✓
1� m2

P

M2
⌧

◆2

Sew (1 + �⌧P )
<latexit sha1_base64="WCkhiJProSnjcyavhaX1pmVn9o4="></latexit><latexit sha1_base64="DLen9lKHmWx7hX7v9QqMfKtLozY="></latexit><latexit sha1_base64="DLen9lKHmWx7hX7v9QqMfKtLozY="></latexit><latexit sha1_base64="DLen9lKHmWx7hX7v9QqMfKtLozY="></latexit><latexit sha1_base64="DLen9lKHmWx7hX7v9QqMfKtLozY="></latexit>

�! P =
↵

2⇡

!
g
!

m2
P

M 2
!

"
+

19
4

!
2⇡2

3
! 3 log

m"

M !

"
+ �! P

#
#
rSD + �! P

#
#
vSD =

$
�!# = ( ! 0.24± 0.56)%
�! K = ( ! 0.15± 0.57)%

<latexit sha1_base64="p/ZkbKkafird15jZlka8ir5pwJU="></latexit><latexit sha1_base64="qGvrd5+SE6RBhFI34mTJQYf4GQ8="></latexit><latexit sha1_base64="qGvrd5+SE6RBhFI34mTJQYf4GQ8="></latexit><latexit sha1_base64="qGvrd5+SE6RBhFI34mTJQYf4GQ8="></latexit><latexit sha1_base64="qGvrd5+SE6RBhFI34mTJQYf4GQ8="></latexit>

Corrections to the decay rate Short-distance EW corr. 
Marciano- Sirlin ‘93

Consequences for tests of the SM and NP



2. Cabbibo angle anomaly

�(⌧ ! K⌫⌧ [�])

�(⌧ ! ⇡⌫⌧ [�])
=

|Vus|2

|Vud|2
F 2
K

F 2
⇡

(1�m2
K/M2

⌧ )
2

(1�m2
⇡/M

2
⌧ )

2
(1+�)

<latexit sha1_base64="48C/cOCxo3I/lSzQ4FKdxF+BkK4="></latexit><latexit sha1_base64="PomDpfXsKgoS8mYCy38yOs9/3Ds="></latexit><latexit sha1_base64="PomDpfXsKgoS8mYCy38yOs9/3Ds="></latexit><latexit sha1_base64="PomDpfXsKgoS8mYCy38yOs9/3Ds="></latexit><latexit sha1_base64="PomDpfXsKgoS8mYCy38yOs9/3Ds="></latexit>

����
Vus

Vud

����=0.2288±0.0010th±0.0017exp=0.2288± 0.0020
<latexit sha1_base64="eQOjKZqrogw99jLnfs9vYLMB/78="></latexit><latexit sha1_base64="cQNguw13awPwxy5tmyNrm8mGH6w="></latexit><latexit sha1_base64="cQNguw13awPwxy5tmyNrm8mGH6w="></latexit><latexit sha1_base64="cQNguw13awPwxy5tmyNrm8mGH6w="></latexit><latexit sha1_base64="cQNguw13awPwxy5tmyNrm8mGH6w="></latexit>



2. Cabbibo angle anomaly

�(⌧ ! K⌫⌧ [�])

�(⌧ ! ⇡⌫⌧ [�])
=

|Vus|2

|Vud|2
F 2
K

F 2
⇡

(1�m2
K/M2

⌧ )
2

(1�m2
⇡/M

2
⌧ )

2
(1+�)

<latexit sha1_base64="48C/cOCxo3I/lSzQ4FKdxF+BkK4="></latexit><latexit sha1_base64="PomDpfXsKgoS8mYCy38yOs9/3Ds="></latexit><latexit sha1_base64="PomDpfXsKgoS8mYCy38yOs9/3Ds="></latexit><latexit sha1_base64="PomDpfXsKgoS8mYCy38yOs9/3Ds="></latexit><latexit sha1_base64="PomDpfXsKgoS8mYCy38yOs9/3Ds="></latexit>

����
Vus

Vud

����=0.2288±0.0010th±0.0017exp=0.2288± 0.0020
<latexit sha1_base64="eQOjKZqrogw99jLnfs9vYLMB/78="></latexit><latexit sha1_base64="cQNguw13awPwxy5tmyNrm8mGH6w="></latexit><latexit sha1_base64="cQNguw13awPwxy5tmyNrm8mGH6w="></latexit><latexit sha1_base64="cQNguw13awPwxy5tmyNrm8mGH6w="></latexit><latexit sha1_base64="cQNguw13awPwxy5tmyNrm8mGH6w="></latexit>

FLAGÕ20*:  
FK/F!  = 1.1932 ± 0.0019 
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vSD ! ! ! "
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%
vSD = +(0 .10± 0.80)%

<latexit sha1_base64="TSqPVBTIgT0ntln4p2cFP0ZdWwE="></latexit><latexit sha1_base64="bLqZbszzRNvhsxea2/+2886SfiE="></latexit><latexit sha1_base64="bLqZbszzRNvhsxea2/+2886SfiE="></latexit><latexit sha1_base64="bLqZbszzRNvhsxea2/+2886SfiE="></latexit><latexit sha1_base64="bLqZbszzRNvhsxea2/+2886SfiE="></latexit>

Compared to �  from unitarity: �|Vus /Vud | = 0.2388 ± 0.0014 2.1σ



3. Cabibbo angle from the decay rate

�(⌧ ! K⌫⌧ [�]) =
G2

FF
2
K

8⇡
|Vus|2M3

⌧

✓
1� m2

K

M2
⌧

◆2

Sew (1 + �⌧K)
<latexit sha1_base64="T7wxVViwfycA5IfhM87tHlKbArk="></latexit><latexit sha1_base64="Zi9w676GkRbWnuCwRxnflkpVK9s="></latexit><latexit sha1_base64="Zi9w676GkRbWnuCwRxnflkpVK9s="></latexit><latexit sha1_base64="Zi9w676GkRbWnuCwRxnflkpVK9s="></latexit><latexit sha1_base64="Zi9w676GkRbWnuCwRxnflkpVK9s="></latexit>



3. Cabibbo angle from the decay rate

�(⌧ ! K⌫⌧ [�]) =
G2

FF
2
K

8⇡
|Vus|2M3

⌧

✓
1� m2

K

M2
⌧

◆2

Sew (1 + �⌧K)
<latexit sha1_base64="T7wxVViwfycA5IfhM87tHlKbArk="></latexit><latexit sha1_base64="Zi9w676GkRbWnuCwRxnflkpVK9s="></latexit><latexit sha1_base64="Zi9w676GkRbWnuCwRxnflkpVK9s="></latexit><latexit sha1_base64="Zi9w676GkRbWnuCwRxnflkpVK9s="></latexit><latexit sha1_base64="Zi9w676GkRbWnuCwRxnflkpVK9s="></latexit>

|Vus |=0 .2220± 0.0008th ± 0.0016exp = 0.2220± 0.0018
<latexit sha1_base64="oj45t5fZiOwbSarXX+1q3/N7rmk=">AAACrnicfVFLj9MwEHbCaymvAkcuLhUSh1Xk5AC9IK3EheMi0XalOgqOO22sjZ2sH2grb34h/AH+DU5aiX0g5vT5+2a+mfGUbS2MJeR3FN+7/+Dho6PHoydPnz1/MX75amEapznMeVM3+qxkBmqhYG6FreGs1cBkWcOyPP/c68sfoI1o1De7ayGXbKvERnBmA1WMf9IStkJ5uHAD040wtXBpB+eV3pa5J8nsmCTZMen81aLwznRXHZ18opNAZhnBdEJbSSeYJISQWeGpZLbS0tuq626I6Ye/Ily2gxps/tMP71sEi73BLJSoRjlZgsZ4REGtr01ej KfDDCHwXZAewBQd4rQY/6LrhjsJyvKaGbNKSWtzz7QVvIZuRJ2BlvFztoVVgIpJMLkfRu3wu02jsa0AD+/ruZ5JY3ayDDn9tua21pP/0lbObma5F6p1FhQPKUHbuBrbBve3w2uhgdt6FwDjWoQpMa+YZtyGC/frp7eXvQsWWZKSJP2aTU+Sw0ccoTfoLXqPUvQRnaAv6BTNEY/SaBl9j1hM4kWcx8U+NY4ONa/RjYirP/02zJg=</latexit><latexit sha1_base64="dlhUcH928MShK7voQGHWvz0erh0="></latexit><latexit sha1_base64="dlhUcH928MShK7voQGHWvz0erh0="></latexit><latexit sha1_base64="dlhUcH928MShK7voQGHWvz0erh0="></latexit><latexit sha1_base64="dlhUcH928MShK7voQGHWvz0erh0="></latexit>

FLAG’20*:  
√2FK = (155.7 ± 0.3) MeV ! ! K = ( ! 0.15± 0.57)%

<latexit sha1_base64="72IjQOjSCTSuVR7K281NSLVNnc8="></latexit><latexit sha1_base64="nC65E0vAQlGCsNQ48nXLNibG9So="></latexit><latexit sha1_base64="nC65E0vAQlGCsNQ48nXLNibG9So="></latexit><latexit sha1_base64="nC65E0vAQlGCsNQ48nXLNibG9So="></latexit><latexit sha1_base64="nC65E0vAQlGCsNQ48nXLNibG9So="></latexit>

short-distance  
EW correction  
Sew=1.0232** 

2.6σ away from CKM unitarity, considering |Vud |=0.97373±0.00031
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<latexit sha1_base64="e6FuwxaxsMjXM+Yyye395i7FH2A="></latexit><latexit sha1_base64="gfV+LhcFLRDLtXkmlsIW0zKwv0o="></latexit><latexit sha1_base64="gfV+LhcFLRDLtXkmlsIW0zKwv0o="></latexit><latexit sha1_base64="gfV+LhcFLRDLtXkmlsIW0zKwv0o="></latexit><latexit sha1_base64="gfV+LhcFLRDLtXkmlsIW0zKwv0o="></latexit>

3. Bounds on SMEFT parameters

�⌧P = ✏⌧L�✏eL�✏⌧R�✏eR� m2
P

M⌧ (mu +mD)
✏⌧P =

⇢
�⌧⇡ = �(0.15± 0.72) · 10�2

�⌧K = �(0.36± 1.18) · 10�2
<latexit sha1_base64="hEzFIyJvirN9vEkgYZIy7wIs0ak="></latexit><latexit sha1_base64="CqHR0f2KE5RJwN8FRGl1fN8K4Ig="></latexit><latexit sha1_base64="CqHR0f2KE5RJwN8FRGl1fN8K4Ig="></latexit><latexit sha1_base64="CqHR0f2KE5RJwN8FRGl1fN8K4Ig="></latexit><latexit sha1_base64="CqHR0f2KE5RJwN8FRGl1fN8K4Ig="></latexit>

To be compared

�  Cirigliano et al’19; �  González Solís et al ‘20† ∙

<latexit sha1_base64="cr1BsAJoOBs08DzD4YY9fg38Wx0="></latexit>

�⌧P =

⇢
�0.15(67)⇥ 10�2 †, �0.12(68)⇥ 10�2 •; for P = ⇡
�0.41(93)⇥ 10�2 •; for P = K

<latexit sha1_base64="EbaUJR1cLg8GKjw8KwdXaB0Afkg="></latexit>
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<latexit sha1_base64="OKyCQ529c9duzu4dXnuIR4ef73I="></latexit>
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Caveat: Double ratio test radcorr, free of CKM, FF’s, LFU and other constants

• �  from Cirigliano-Neufeld ’11 

• Branching fractions from PDG 2020

δμKπ = δEM = − (0.69 ± 0.17) %

�δτKπ = − (2.1 ± 1.51) %

Compared to � from theoryδτKπ = + (0.10 ± 0.80) %



<latexit sha1_base64="OKyCQ529c9duzu4dXnuIR4ef73I="></latexit>
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Caveat: Double ratio test radcorr, free of CKM, FF’s, LFU and other constants

• �  from Cirigliano-Neufeld ’11 

• Branching fractions from PDG 2020

δμKπ = δEM = − (0.69 ± 0.17) %

�δτKπ = − (2.1 ± 1.51) %

Compared to � from theoryδτKπ = + (0.10 ± 0.80) %

� = δRτ/K − δRτ/π

• Also:  

<latexit sha1_base64="wfmMSXjR4ZtUOH9D5gaZHwRdD78="></latexit>

! R! /K ! ! R! / " =
!

(! 1.37± 1.35)%, from data
(+0 .79± 0.58)%, from theory

Compatible w/errors  but 2.2% difference (exp or th ?)



Final comments

New calculation of L-D radcorrs to ! . RChT framework 

Larger errors dominated by  running scale, but Vector and 
Axial Vector Form Factors consistent with QCD. 

      Important contributions of SD corrrections (large cancellation 
     with SI corrections) 

Minimal impact on the determination of ! . Consistent with  
other determinations, but difficult to reconcile with CKM unitarity 

τ− → P−ντ(γ)

|Vus |

<latexit sha1_base64="5o6S0HXVSmxmY2mOVaWKd0552BY="></latexit>

Contribution �R⌧/⇡ �R⌧/K Ref
Total +0.18(57)% +0.97(58)% 2107.04603

[+0.16(14)%] [+0.90(22)%] DF’95



Backup slides







Amplitude for �  τ− → π−ℓ+ℓ−ντ Roig, Guevara, GLC ‘13

Prediction in 
RChT in Good  

agreement with  
�  
observed by 
Belle in 2019

τ → πe+e−ν
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This work

2107.04603



First row unitarity of CKM matrix:

In 2003-2006, measurements by BNL-865, KTeV, KLOE led to larger  
branching fractions of semileptonic Kaon decays 

<latexit sha1_base64="pPb65WKv//NGpuy7WouHf6kZepE="></latexit>

|Vud | (SFT) |Vus | (K e3)
!

|Vuj |2 pull PDG edition
0.9740± 0.0010 0.2196± 0.0023 0.9969± 0.0022 1.4! 2000
0.9740± 0.0005 0.2200± 0.0026 0.9971± 0.0015 1.9! 2004

0.97377± 0.00027 0.2257± 0.0021 0.9992± 0.0011 0.7! 2006¥


