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G-parity(Isospin)-violating process (mu ≠ md, e ≠ 0)
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Note: For efforts to discover SCCs in Nuclear Physics see Rev. Mod. Phys. 78. 991 (but they need to rely on CVC).
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Non-strange V-A currents can be split into: 1st class currents
       2nd class currents

(Weinberg’58)

s,        p,          a1,       r

a0,        h,          b1,      w

G-parity(Isospin)-violating process (mu ≠ md, e ≠ 0)
(Leroy-Pestieau’78)SCCs would have been discovered @ BaBar/Belle 

if it was not for the tough background !!
Possible New Physics contribution via H-

Bounds competitive 
with B→tnt if the SFF 
is known (th. & exp.) 
with 20% accuracy!!
Descotes-Genon & Moussallam 
Eur.Phys.J. C74 (2014) 2946
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• Analyticity+Unitarity+Chiral Expansion

• VFF: h p → p p is related to h → p p p

• SFF: Dispersion relation + realistic model for phaseshift 
+ SR constraint for inelastic region

• Analyticity+Unitarity+Chiral & resonance contributions

• VFF: It is shown that it can be related to data (t → p p nt)

• SFF: Dispersive approach + use of meson-meson scattering data

Errors from SFF 
parameters not 
included !!

SCCs could be discovered @ Belle-II, but 

take care with the tough background !!
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At least one order of magnitude suppressed with respect to t → p h nt !!  

Errors dominated by eph’

t- → p- h nt 

Much more challenging to discover SCC 

with h’ than with h!!
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An ‘unexpected’ background (A. Guevara, G. López Castro & P. Roig, to appear soon)

The Mexican members of Belle-II are studying the ‘expected’ backgrounds in the search for SCCs @ Belle-II (with Hayasaka-san)

Meanwhile, an ‘unexpected’ background has been identified:

There are contributions to t → p h nt gg which are suppressed by a but not by G-parity

BRRcL = (2.7+0.8)x10-5

As expected, comparable
to t → p h nt !!  

One can just cut gs 
above certain E 

(leaving windows for 
detecting p0’s & h’s) !!

‘‘UnexpectedUnexpected’ ’ bkgbkg  killedkilled !! !!

Eg < 100 MeV



Pablo Roig      Cinvestav (Mexico City)

Towards the discovery 
of Second Class Currents 

in t- → p- h nt decays 
@ Belle-II

Note: With SCCs I mean either genuine SCCs (BSM) or SCCs induced by G-parity violation (SM)
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Dispersion relations + Chiral Constraints
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Celis, Cirigliano & Passemar PRD 89, no 1., 013008 (2014)
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t- → (p/K)- nt are trivial hadronically → Lepton Universality tests
t- → p- p0 nt (g): r, r’, r’’ pole parameters & Check of e+ e- → p+ p- (g) for am

HVP

Davier, Michel et al. Eur.Phys.J. C71 (2011) 1515, Erratum: Eur.Phys.J. C72
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Belle Collaboration (Epifanov, D. et al.) Phys.Lett. B654 (2007) 65-73

Theory tools (2-meson decay channels):
Dispersion relations + Chiral Constraints

Boito, Escribano & Jamin EPJC 59, 821  
(2009); JHEP 1009, 031 (2010)  
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Theory tools (2-meson decay channels):
Dispersion relations + Chiral Constraints

Escribano, Rafel et al. Phys.Rev. D94 (2016) no.3
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3.29 ±0.17 +0.201.58 ±0.13 ±0.12
Phys.Rev. D81 
(2010) 113007

Phys.Rev.Lett. 
100 (2008) 
011801

A. Lusiani,
HFAG Status,

TAU’16

(times 10-5)
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t- → (p/K)- nt are trivial hadronically → Lepton Universality tests
t- → p- p0 nt (g): r, r’, r’’ pole parameters & Check of e+ e- → p+ p- (g) for am

HVP

t- → (Kp)- nt: K*, K*’ pole parameters and unitarity tests
t- → (hp)- nt discussed previously (SCC)
t- → (ppp)- nt improved determination of a1 resonance pole parameters & of its contribution to A spectral function. Is the a1’ 

real or fake due to bad understanding of three-body FSI?
Improved BR measurements to test Unitarity
Better (non-)strange spectral functions
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TAUOLA for Belle-II Jorge Martínez: México en Belle-II

LNV @ Belle-II Pedro Podesta: LNV en Belle-II 
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Michel
parameter

Low-E
parameter

These can be determined knowing

In the SM r=d=3/4, h=0, x=1. 
(if Pl’ is known)

For massless neutrinos, 
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Michel ‘50, Bouchiat & Michel ‘57
Kinoshita & Sirlin ’57, ‘57

(See also A. Pich PPNP ‘14)

In radiative leptonic lepton decays, the photon carries information about spin state of daughter lepton.
As a result, two additional Michel-like parameters can be extracted (more on this in the EFT section).

In the case of the 5-lepton lepton decays, the current accuracy in MP determination (from m decays) can be 
improved using tau decays @Belle-II ([10,20]% → [3,5]%). (D. Epifanov, past KEKFF & B2TIP Workshops)

L → l nL nl g @ NLO shows a tension with the BaBar ‘15 measurement of 3.5 s (Fael, Mercolli & Passera ‘15)

Hardest background for LFV L → l l’ l’ decays: they must be described accurately in Belle’s TAUOLA (D. Epifanov).

It can be checked with t→3e 2n !! 

Alain Flores-Tlalpa, Gabriel López-Castro, PR   JHEP 1604 (2016) 185 
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MEG’s present upper bound:

Hunt of New Physics at MEG, MEGA, SINDRUM (II), 
Mu2e, Mu3e, COMET, PRISM, Belle-II, ATLAS & CMS, …

4.2
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And 2 orders of magnitude improvement expected for Belle-II !!

CMS ‘15:

ATLAS ‘15:

CMS ’16:

¿Posible conexión?

Se espera que LFV pueda ayudar a 
resolver alguno de los problemas del SM



Física del tau: Motivación
Pablo Roig

Dpto. de Física del Cinvestav, Ciudad de México

Pedro Podesta: LNV en Belle-II Gabriel López Castro: am
HVP,LO Jorge Martínez: México en Belle-II
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Towards the discovery of Second Class Currents in t- → p- h nt decays @ Belle-
II

Coupled 
channels for 

the SFF

Input from Guo, Oller & Ruiz de Elvira 
Phys. Rev. D 86, 054006  (2012)
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Towards the discovery of Second Class Currents in t- → p- h nt decays @ Belle-
II

Main physical effect: Coupling of ph & KK channels on ph SFF !! 
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