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Non-strange V-A currents can be split into: 1st class currents
2nd class currents

(Weinberg’58)

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)

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

(introduced by Simon)
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Descotes-Genon & Moussallam Eur.Phys.J. C74 (2014) 2946 Escribano, González-Solís & Roig Phys.Rev. D94 (2016) no.3, 034008
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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
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At least one order of magnitude suppressed with respect to t → p h nt !!

Errors dominated by eph’

(introduced by Simon)
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The Mexican members of Belle-II are studying the ‘expected’ backgrounds in the search for SCCs @ Belle-II (with Hayasaka-san)
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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 g which are suppressed by a but not by G-parity

We have evaluated these using Resonance Chiral Lagrangians (and MDM for comparison)

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

‘Unexpected’ background: There are contributions to t → p h nt g which are suppressed by a but not by G-parity

BRRcL = (2.7+0.8)10-5

‘Extreme’ cases included

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

(introduced by Simon)
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‘Unexpected’ background: There are contributions to t → p h nt g which are suppressed by a but not by G-parity
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‘Unexpected’ background: There are contributions to t → p h nt g which are suppressed by a but not by G-parity
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As expected, comparable
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‘Extreme’ cases included

(introduced by Simon)

I learnt here it
would be more 
realistic to take
Eg < 100 MeV
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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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Other issues in hadronic t decays
t- → (p/K)- nt are trivial hadronically → Lepton Universality tests

Pich, A. Prog.Part.Nucl.Phys. 75 (2014) 41-85

We should not forget the importance of testing the Lorentz structure of the charged current (Michel parameters)

See e. g. arXiv:1609.08280 [hep-ex] (Belle Coll.)

(introduced by Simon)

η=−2.0±1.5±0.8 and ξκ=0.6±0.4±0.2
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Other issues in hadronic t decays
t- → (p/K)- nt are trivial hadronically → Lepton Universality tests
t- → p- p0 nt (g): r, r’, r’’ pole parameters

Phys.Rev. D78 (2008) 072006

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

Gómez-Dumm & Roig, EPJC 73, no.8, 2528 (2013)
Celis, Cirigliano & Passemar PRD 89, no 1., 013008 (2014)

(introduced by Simon)
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Other issues in hadronic t decays
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

Phys.Rev. D78 (2008) 072006

That’s ‘Golden’ mode!

(introduced by Simon)
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Dispersion relations + Chiral Constraints
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(2009); JHEP 1009, 031 (2010)  

(introduced by Simon)

Escribano, González-Solís, Jamin
& Roig JHEP 09 (2014) 042

Theory assumptions
need to be revised for
Belle-II full data sample!!
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Other issues in hadronic t decays
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 discussed by Matthias
t- → (hp)- nt discussed previously (SCC)

Escribano, Rafel et al. Phys.Rev. D94 (2016) no.3

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

(introduced by Simon)
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Other issues in hadronic t decays

Nugent, I.M. et al. Phys.Rev. D88 (2013) 093012

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 discussed by Matthias
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?

CLEO

RcL

+ + + + BaBar

(introduced by Simon)
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Other issues in hadronic t decays
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 discussed by Matthias
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?

Nugent, I.M. et al. Phys.Rev. D88 (2013) 093012

t spin correlations for H CP study (Z.Phys. C64 (1994) 21-30, …)

+ + + + BaBar

(introduced by Simon)

Improved
adding s!!

RcL

CLEO
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Other issues in hadronic t decays
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 discussed by Matthias
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 A. Lusiani,

HFAG Status,
TAU’16

3.29±0.17 +0.19−0.20

3.29 ±0.17 +0.201.58 ±0.13 ±0.12

Phys.Rev. D81 
(2010) 113007

Phys.Rev.Lett. 
100 (2008) 
011801

(introduced by Simon)

(times 10-5)
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Other issues in hadronic t decays
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2)

DV’s

(introduced by Simon)
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Other issues in hadronic t decays
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 discussed by Matthias
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 (discussed
by Matthias)

HFAG ‘16 errors on main strange BRs (%)

mS(ms) 
& Vus

Miss-ID 
between
p’s & K’s

Eur.Phys.J. C11 (1999) 599-618

(introduced by Simon)
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Other issues in hadronic t decays
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 discussed by Matthias

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 (discussed by Matthias)

CPV studies in t- → K-p-p+ nt & t- → K-K + p- nt (t- → (pppp)- nt) (Phys.Rev. D78 (2008) 113008, …)

(t- → KS p
- nt is ‘Golden’ mode, although the situation is clear theoretically: Bigi-Sanda ‘05,Grossman-Nir’12)
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TAUOLA for Belle-II

(introduced by Simon)
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Towards the discovery of Second Class Currents in t- → p- h nt decays @ Belle-II

Matrix
element & 

decay width
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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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Towards the discovery of Second Class Currents in t- → p- h nt decays @ Belle-II
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Towards the discovery of Second Class Currents in t- → p- h nt decays @ Belle-II

Main diagrams suppressed by a but not by G-parity violation (Axial-vector FFs):

BR(t- → p- h nt)~10-5

1R contibutions

Wess-Zumino-Witten

2R contibutions …
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Towards the discovery of Second Class Currents in t- → p- h nt decays @ Belle-II

Main diagrams suppressed by a but not by G-parity violation (Vector FFs):

BR(t- → p- h nt)~10-5

1R contibutions

2R contibutions
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Towards the discovery of Second Class Currents in t- → p- h nt decays @ Belle-II

No cuts on Eg

BR(t- → p- h nt)~10-5
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Towards the discovery of Second Class Currents in t- → p- h nt decays @ Belle-II

Cutting out Eg>50 MeV

‘Extreme’ cases included

BR(t- → p- h nt)~10-5

I learnt here it
would be more 
realistic to take
Eg < 100 MeV

(But it will
still work)



Escribano, González-Solís & Roig Phys.Rev. D94 (2016) no.3, 034008

Pablo Roig Cinvestav (Mexico City)

At least one order of magnitude suppressed with respect to t → p h nt !!

Errors dominated by eph’

Towards the discovery of Second Class Currents in t- → p- h nt decays @ Belle-II
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