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* Towards the discovery of Second Class Currents in T~ = ®T 1 v, decays @ Belle-Il

e Other issues in hadronic T decays

Pablo Roig Cinvestav (Mexico City)



(introduced by Simon)

Towards the discovery of Second Class Currentsin T~ - ®~ n v, decays @Belle-Il

Non-strange V-A currents can be split into: 1st class currents JPG — 0++, 0, 1+_, 1=

Weinberg’58
2nd class currents  JPG _ g+— o=+ 1+t+ 1—— ( g'58)
? ] 9
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(introduced by Simon)

Towards the discovery of Second Class Currents i int - T M Vv, decays @Belle-Il
TT, dq, P
Non-strange V-A currents can be split into: 1st class currents JPG OjL+ 0, 1+_ 11—t

Weinberg’58
2nd class currents  JPG _— ()+— 0" +7 1++’ 1—— ( g'58)

Ao, mn, b,

G — Parity : G|X) = €™ C|X) = (-1)'C|X) Gldv"u) = +|dv"u) = Glr n)=—-|r"n)
(Leroy-Pestieau’78)
G-parity(lsospin)-violating process (m, # mg, e # 0)

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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Towards the discovery of Second Class Currents i int - T M Vv, decays @Belle-Il
TT, dq, P
Non-strange V-A currents can be split into: 1st class currents JPG OjL+ 0, 1+_ 11—t

Weinberg’58
2nd class currents  JPG _— ()+— 0" +7 1++’ 1—— ( g'58)

Ao, mn, b,

G — Parity : G|X) = €™ C|X) = (-1)'C|X) Gldv"u) = +|dv"u) = Glr n)=—-|r"n)
(Leroy-Pestieau’78)
G-parity(lsospin)-violating process (m, # mg, e # 0)

Note: With SCCs | mean either genuine SCCs (BSM) or SCCs induced by G-parity violation (SM)
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Towards the discovery of Second Class Currentsin T~ - ®~ n v, decays @Belle-Il

GI Tcl a]_l p
Non-strange V-A currents can be split into: 1st class currents JPG — O++, O__, 1+_, 1=

Weinberg’58
2nd class currents  JPG _ g+— o=+ 1+t+ 1—— ( g'58)
? ] 9

Ao, mn, b,

G — Parity : G|X) = €™ C|X) = (-1)'C|X) Gldv"u) = +|dv"u) = Glr n)=—-|r"n)
(Leroy-Pestieau’78)
G-parity(lsospin)-violating process (m, # mg, e # 0)

o 50T ; ; SCCs would have been discovered @ BaBar/Belle
= took) J[ Hayasaka PoS’;OQ if it was not for the tough background !!

8 [ gl (Belle).

,E: 50__:. oo —1-3- PR N— x

T

~50:i v il . J
0.6 1.0 1.8
M, (GeV/ic)
BRga>a" <9.9-107° 95%CL
(PRD 83 (2011) 032002)
g Bell -5 . . o
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Towards the discovery of Second Class Currentsin T~ - ®~ n v, decays @Belle-Il
o, TT, dq, P
Non-strange V-A currents can be split into: 1st class currents JPG = O++, 0, 1+_, 1=

Weinberg’58
2nd class currents PG _— O+_, O_+, 1++’ 1—— ( g'58)

Ao, mn, b,

G — Parity : G|X) = €™ C|X) = (-1)'C|X) Gldv"u) = +|dv"u) = Glr n)=—-|r"n)
(Leroy-Pestieau’78)
G-parity(lsospin)-violating process (m, # mg, e # 0)

SCCs would have been discovered @ BaBar/Belle Possible New Physics contribution via H-
if it was not for the tough background !! r
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Towards the discovery of Second Class Currentsin T~ - ®~ n v, decays @Belle-Il

GI Tcl a]_l p
Non-strange V-A currents can be split into: 1st class currents JPG — 0++, 0, 1+_, 1= (Weinberg’58)

2nd class currents PG _— O+—7 O_+, 1++, 1——

Ao, mn, b,

G - Parity : G|X) = €™ C|X) = (-1)'C|X) Gldy"u) = +|dy"u) = Glr n)=—|r"n)

(Leroy-Pestieau’78)
G-parity(lsospin)-violating process (m, # mg, e # 0)

SCCs would have been discovered @ BaBar/Belle Possible New Physics contribution via H-
if it was not for the tough background !! e o
Z 100l ][ Hayasaka PoS'09 \
= R _f‘% (Belle): Bounds competitive g\
B SO ﬁ—ﬂ’ Theit with B>1v, if the SFF
5 oL f L :
B o ; - l‘-‘ﬂf* by is known (th. & exp.)
soblisilivilaials JJr;J with 20% accuracy!! “
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BRSZ <9.9-107° 95%CL Eur.Phys.J. C74 (2014) 2946
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Towards the discovery of Second Class Currentsin T~ - ®~ n v, decays @Belle-Il

Descotes-Genon & Moussallam Eur.Phys.). C74 (2014) 2946 | Escribano, Gonzdlez-Solis & Roig Phys.Rev. D94 (2016) no.3, 034008
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* Analyticity+Unitarity+Chiral Expansion
* VFF:nnm > nmnisrelatedton>nnn

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

Pablo Roig

Escribano, Gonzdlez-Solis & Roig Phys.Rev. D94 (2016) no.3, 034008
e Analyticity+Unitarity+Chiral & resonance contributions

* VFF: Itis shown that it can be related todata (t > Tt v,)
* SFF: Dispersive approach + use of meson-meson scattering data

Input from Guo, Oller & Ruiz de Elvira
Phys. Rev. D 86, 054006 (2012)
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1+

0.8

0.6 t

0.4 ¢

0.2 +

10° x dBy.g/ds GeV?

!
!
!
l_
I
.‘_l-
!
|
i

no V¥S (/s

" —

0 L
0.7

Pablo Ro

0.9

08
Ig

= 1.10)
V (match)

Escribano, Gonzdlez-Solis & Roig Phys.Rev. D94 (2016) no.3, 034008
e Analyticity+Unitarity+Chiral & resonance contributions

* VFF: Itis shown that it can be related todata (t > Tt v,)
* SFF: Dispersive approach + use of meson-meson scattering data

Input from Guo, Oller & Ruiz de Elvira
Phys. Rev. D 86, 054006 (2012)

Cinvestav (Mexico City)



Descotes-Genon & Moussallam Eur.Phys.). C74 (2014) 2946

* Analyticity+Unitarity+Chiral Expansion

* VFF:nnm > nmnisrelatedton>nnn

* SFF: Dispersion relation + realistic model for phaseshift

+ SR constraint for inelastic region

(introduced by Simon)

Towards the discovery of Second Class Currentsin T~ - ®~ n v, decays @Belle-Il
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Escribano, Gonzdlez-Solis & Roig Phys.Rev. D94 (2016) no.3, 034008
e Analyticity+Unitarity+Chiral & resonance contributions

* VFF: Itis shown that it can be related todata (t > Tt v,)

* SFF: Dispersive approach + use of meson-meson scattering data
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* Analyticity+Unitarity+Chiral Expansion

* VFF:nm > nmnisrelatedton>nnx

(introduced by Simon)

Towards the discovery of Second Class Currentsin T~ - ®~ n v, decays @Belle-Il
Descotes-Genon & Moussallam Eur.Phys.). C74 (2014) 2946  Escribano, Gonzdlez-Solis & Roig Phys.Rev. D94 (2016) no.3, 034008

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

Analyticity+Unitarity+Chiral & resonance contributions

* VFF: Itis shown that it can be related todata(t > Tt v,)

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

BRy x 10° | BRg x 10° | BRx10° Reference

0.25 1.60 1.85 Tisserant, Truong [84]

0.12 1.38 1.50 Bramon, Narison, Pich [85]

0.15 1.06 1.21 Neufeld, Rupertsberger [86]

0.36 1.00 1.36 Nussinov, Soffer [87]

0.2, 0.6] 0.2,2.3] 0.4,2.9] Paver, Riazuddin [8§]

0.44 0.04 0.48 Volkov, Kostunin [89]

0.13 0.20 0.33 Descotes-Genon; Moussallam [83]
BRy x 10° | BRg x 10° | BRx10° Our-analysis

0.26 £0.02 | 1.41 0.09 | 1.67 4+ 0.09 3 coupled Channelsl

Pablo Roig

Errors from SFF
parameters
not included !!
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Descotes-Genon & Moussallam Eur.Phys.). C74 (2014) 2946  Escribano, Gonzdlez-Solis & Roig Phys.Rev. D94 (2016) no.3, 034008
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(introduced by Simon)

Towards the discovery of Second Class Currentsint~ - 71:<@vT decays @Belle-lI

Escribano, Gonzdlez-Solis & Roig Phys.Rev. D94 (2016) no.3, 034008

BRy BRgs BR Reference
<10~ 0.2,1.3] x 107° 0.2,1.4] x 107° Nussinov, Soffer [90]
0.14,3.4] x 1078 | [0.6,1.8] x 10~ 7 0.61,2.1] x 107 Paver, Riazuddin [91]
1.11 x 1078 2.63 x 1078 3.74 x 1078 Volkov, Kostunin |39
‘ BRy BRg BR Our analysis
[ 103,577 x 1071 | 1 x 10~ 7,1 x10°%] [ [1x10~7,1 x 10~ 3 coupled channels

' Errors dominated by €,

At least one order of magnitude suppressed with respecttot > ntn v !!
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Towards the discovery of Second Class Currentsint~ - 71:<@vt decays @Belle-lI

Escribano, Gonzdlez-Solis & Roig Phys.Rev. D94 (2016) no.3, 034008

BRy BRg BR Reference
<1077 0.2,1.3] x 107° 0.2,1.4] x 107° Nussinov, Soffer [90]
0.14,3.4] x 1078 | [0.6,1.8] x 10~ 7 0.61,2.1] x 107 Paver, Riazuddin [91]
1.11 x 1078 2.63 x 1078 3.74 x 1078 Volkov, Kostunin |39
‘ BRy BRg BR Our analysis
[ 103,577 x 1071 | 1 x 10~ 7,1 x10°%] [ [1x10~7,1 x 10~ 3 coupled channels

' Errors dominated by €,

At least one order of magnitude suppressed with respecttot > ntn v !!
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(introduced by Simon)

Towards the discovery of Second Class Currentsin T~ - ®~ n v, decays @Belle-Il

An ‘unexpected’ background (A. Guevara, G. Lopez Castro & P. Roig, to appear soon)

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

Towards the discovery of Second Class Currentsin T~ - ®~ n v, decays @Belle-Il

An ‘unexpected’ background (A. Guevara, G. Lopez Castro & P. Roig, to appear soon)

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

Meanwhile, an ‘unexpected’ background has been identified:

There are contributionstot 2> ntn v, ’Y which are suppressed by a but not by G-parity

We have evaluated these using Resonance Chiral Lagrangians (and MDM for comparison)
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Towards the discovery of Second Class Currentsin T~ - ®~ n v, decays @Belle-Il

An ‘unexpected’ background (A. Guevara, G. Lopez Castro & P. Roig, to appear soon)

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

‘Unexpected’ background: There are contributions to T > © n v, Y which are suppressed by a. but not by G-parity

T I T l T I T [ T
BRRxL = (2.7+0.8)10 0.0002 |

L

As expected, comparable
tot>nmnv, !

)

-

‘Extreme’ cases included

(GeV

0.00015 —

0.0001 =

dl'(t—>mn q{\/T)/dmm/l“T

5e-05 —
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Towards the discovery of Second Class Currentsin T~ - ®~ n v, decays @Belle-Il

An ‘unexpected’ background (A. Guevara, G. Lopez Castro & P. Roig, to appear soon)

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

‘Unexpected’ background: There are contributions to T - © n v, Y which are suppressed by a. but not by G-parity
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Towards the discovery of Second Class Currentsin T~ - ®~ n v, decays @Belle-Il

An ‘unexpected’ background (A. Guevara, G. Lopez Castro & P. Roig, to appear soon)

The Mexican members of Belle-Il are studying the ‘expected’ backgrounds in the search for SCCs @ Belle-Il (with Hayasaka-san)
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Towards the discovery of Second Class Currentsin T~ - ®~ n v, decays @Belle-Il

An ‘unexpected’ background (A. Guevara, G. Lopez Castro & P. Roig, to appear soon)

The Mexican members of Belle-Il are studying the ‘expected’ backgrounds in the search for SCCs @ Belle-Il (with Hayasaka-san)
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Towards the discovery of Second Class Currentsin T~ - ®~ n v, decays @Belle-Il

An ‘unexpected’ background (A. Guevara, G. Lopez Castro & P. Roig, to appear soon)

The Mexican members of Belle-Il are studying the ‘expected’ backgrounds in the search for SCCs @ Belle-Il (with Hayasaka-san)
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Towards the discovery of
Second Class Currents in
T~ = T 1M Vv, decays
@ Belle-I

Pablo Roig Cinvestav (Mexico City)

Note: With violation (SM)
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Other issues in hadronic Tt decays

1~ = (/K)~ v_ are trivial hadronically - Lepton Universality tests
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(introduced by Simon)
Other issues in hadronic Tt decays

1~ = (/K)~ v_ are trivial hadronically - Lepton Universality tests
Pich, A. Prog.Part.Nucl.Phys. 75 (2014) 41-85

FT—>,¢L/FT—>6 Fﬂ'—w,/rffr—m FK—>/,L/FK—>6 FK—HUL/FK—HTe FW—HJ,/FW—)B

9.,/ e 1.0018 (14) 1.0021 (16) 0.9978 (20) 1.0010 (25) 0.996 (10)

FT—>6/F[,L—>6 FT—HT/FTr—m FT—)K/FK—HL FW—)T/FW—m

9:/9,] 1.0011 (15)  0.9962 (27)  0.9858 (70) 1.034 (13)

FT—HL/Fy,—m FW—)T/FW—>€

9,/9.] 1.0030 (15)  1.031 (13)

Pablo Roig Cinvestav (Mexico City)



(introduced by Simon)
Other issues in hadronic Tt decays

1~ = (/K)~ v_ are trivial hadronically - Lepton Universality tests
Pich, A. Prog.Part.Nucl.Phys. 75 (2014) 41-85

FT—>,¢L/FT—>6 Fﬂ'—w,/rffr—m FK—>/,L/FK—>€ FK—HUL/FK—HTe FW—W,/FW—HB

9.,/ e 1.0018 (14) 1.0021 (16) 0.9978 (20) 1.0010 (25) 0.996 (10)

FT—>6/F[,L—>6 Fr—m/rw—m FT—)K/FK—HL FW—)T/FW—m

9:/9,] 1.0011 (15)  0.9962 (27)  0.9858 (70) 1.034 (13)

FT—>M/F;1,—>6 FW—)T/FW—>€

9,/9.] 1.0030 (15)  1.031 (13)

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.) ] ] ]
Pablo Roig n=-2.0+1.5+0.8 and £k=0.6+0.420.2 Cinvestav (Mexico City)



(introduced by Simon)

Other issues in hadronic Tt decays

1~ = (/K)~ v_ are trivial hadronically - Lepton Universality tests
> 1’ v_(y):p, p, p”’ pole parameters

rT—— T T ————

e Data

— G&S Fit
P70y T P

-
(=]
[=7]
|

-
(=)
(5]

10

Number of entries /0.05(GeV/c’)*
1Y

105—

- Phys.Rev. D78 (2008) 072006

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

Other issues in hadronic Tt decays

- (/K)~ v_are trivial hadronically -> Lepton Universality tests —~ That’s
T > 1’ v, (y):p, ) p” pole parameters & Check of e* " > n* 7 (y) for a HVP
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Other issues in hadronic Tt decays

1~ = (/K)~ v_ are trivial hadronically - Lepton Universality tests
T > 1’ v, (y):p, ) p” pole parameters & Check of e* " > n* 7 (y) for a HVP

1~ - (Kn)~ v, discussed by Matthias _ _
Belle Collaboration (Epifanov, D. et al.) Phys.Lett. B654 (2007) 65-73

Signal
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Other issues in hadronic Tt decays

1~ = (/K)~ v_ are trivial hadronically - Lepton Universality tests
T > 1’ v, (y):p, ) p” pole parameters & Check of e* " > n* 7 (y) for a HVP
1~ - (Kn)~ v, discussed by Matthias

Neyernro/(11.5 MeV/c?)

Belle Collaboration (Epifanov, D. et al.) Phys.Lett. B654 (2007) 65-73

Signal

KK b )
K smr”
KK
31
non-tt

08 1 12 14 16
Vs, GeV/c?

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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Other issues in hadronic Tt decays

1~ = (/K)~ v_ are trivial hadronicallv - Lepton Universality tests Escribano, Gonzalez-Solis, Jamin
> v (y): Data & Roig JHEP 09 (2014) 042
_ _ . Current Belle-I | Belle-I K | Belle-I Kn | Belle-11 | Belle-II K« | Belle-IT Kn
T 2 (KTC) \ dis Error
B (%) 0.404 4+ 0.012 | £0.005| +0.005 +0.012 [7(0.001)| T(0.001) +0.012 t. B654 (2007) 65-73
M 892.03 4 0.19| £0.09 |  +0.09 +0.19 | T(0.02) | T(0.02) +0.19
K*(89: I 46.18 £0.44 | £0.20 | +0.20 +0.44 | 1(0.02) | 1(0.03) +0.42
Mpcer 130417 | (7) f(9) "(8) (1) (1) (1)
T s 16862 | (19 f(24 f(25 (3 (4 (11
A 1( ) 1( ) %) . ) . " ) ory tools (2-meson decay channels):
e % 10 23.9+0.9 | 7(0.3) (0.3) +0.8 (0.04) (0.04) +0.8 . . - )
v % 10" 118402 | 2007 | +0.07 +0.2 | T(0.01) | f(0.01) £0.2 ersion relations + Chiral Constraints
Br, x 10* 1.58 £0.10 | £0.05 | £0.10 +0.05 | 7(0.01) +0.10 f(0.01)
Yin(= vr-) X 107 | —33+1.3 | 1(0.3) | 7(0.3) T(0.4) | 7(0.04) | T(0.04) °(0.3) yito, Escribano & Jamin EPJC 59, 821
Ten X 103 20.9+2.7 | 1(0.7) +2.7 "(0.8) | 7(0.10) +2.7 °(0.4) i
e | . . . (2009); JHEP 1009, 031 (2010)
ten % 10 11.1+05 | 1(0.2) +0.5 (0.2) (0.02) +0.5 (0.06)
Table 4.  The errors of our final results (3.3) are compared, in turn, to those achievable by

analysing the complete Belle-I data sample, and updating only the Kgm™ or K~ n analyses. The
last three columns show the potential of fitting all data collected by Belle-II and the same only
for Kgm~ or for K~ n (assuming the other mode has not been updated to include the complete
Belle-1 data sample). Current Belle Kgm~ (K ~n) data correspond to 351 (490) fb~! for a complete
data set of ~ 1000fb=! = 1 ab™—!.
include both statistical and systematic uncertainties. T means that statistical errors (in brackets)

Expectations for Belle-1I correspond to 50 ab=!. All errors

will become negligible, while © signals a tension with the current reference best fit values. We thank
Denis Epifanov for conversations on these figures and on expected performance of Belle-II at the

Pablo Roig Cinvestav (Mexico City)

detector and analysis levels. All errors have been symmetrised for simplicity.
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Other issues in hadronic Tt decays

1~ = (/K)~ v_ are trivial hadronicallv - Lepton Universality tests Escribano, Gonzalez-Solis, Jamin
> v (y): Data & Roig JHEP 09 (2014) 042
_ _ . Current Belle-I | Belle-I K | Belle-I Kn | Belle-11 | Belle-II K« | Belle-IT Kn
T 2 (KTC) \ dis Error
B (%) 0.404 4+ 0.012 | £0.005| +0.005 +0.012 [7(0.001)| T(0.001) +0.012 t. B654 (2007) 65-73
M g 892.03 £0.19| £0.09 | =£0.09 +0.19 | 7(0.02) | T7(0.02) +0.19
K*(89: I 46.18 £0.44 | £0.20 | +0.20 +0.44 | 1(0.02) | 1(0.03) +0.42
Mer 130417 | (7) f(9) "(8) (1) (1) (1)
T s 16862 | (19 T(24 f(25 (3 (4 (11
T T( ) 1( ) (2) . @) . @) () ory tools (2-meson decay channels):
Ten X 10 23.94+0.9 | 1(0.3) (0.3) +0.8 (0.04) (0.04) +0.8 . . - )
v % 10" 118402 | 2007 | +0.07 +0.2 | T(0.01) | f(0.01) £0.2 ersion relations + Chiral Constraints
Br, x 10* 1.58 £0.10 | £0.05 | £0.10 +0.05 | 7(0.01) +0.10 f(0.01)
Yin(= vr-) X 107 | —33+1.3 | 1(0.3) | 7(0.3) T(0.4) | 7(0.04) | T(0.04) °(0.3) yito, Escribano & Jamin EPJC 59, 821
! 103 . : t(0. : (0. (0.1 : °(0.4
Ten % 10 11.1+£0.5 | 7(0.2) +0.5 1(0.2) | 7(0.02) +0.5 1(0.06)
Table 4.  The errors of our final results (3.3) are compared, in turn, to those achievable by Theory assumptions

analysing the complete Belle-I data sample, and updating only the Kgm™ or K~ n analyses. The
last three columns show the potential of fitting all data collected by Belle-II and the same only
for Kgm~ or for K~ n (assuming the other mode has not been updated to include the complete
Belle-1 data sample). Current Belle Kgm~ (K ~n) data correspond to 351 (490) fb~! for a complete
data set of ~ 1000fb=! = 1 ab™—!.
include both statistical and systematic uncertainties. T means that statistical errors (in brackets)

need to be revised for
Belle-Il full data sample!!

Expectations for Belle-1I correspond to 50 ab=!. All errors

will become negligible, while © signals a tension with the current reference best fit values. We thank
Denis Epifanov for conversations on these figures and on expected performance of Belle-II at the

Pablo Roig Cinvestav (Mexico City)

detector and analysis levels. All errors have been symmetrised for simplicity.
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Other issues in hadronic Tt decays

1~ = (/K)~ v_ are trivial hadronically - Lepton Universality tests
v > 1’ v, (y): p, p, p” pole parameters & Check of e* e* > n* 7" (y) for a HVP

T - (Kn)~ v, discussed by Matthias 10 Escribano, Rafel et al. Phys.Rev. D94 (2016) no.3

I ! ! ! I

1~ - (nm)~ v, discussed previously (SCC) T o ‘ i
| ;

=
—~—
Theory tools (2-meson decay channels): = 001

Dispersion relations + Chiral Constraints ' 3 ﬁ
20.001 B — Full: vector + elastic “\{\ ]
: § |-= Full: vector + 3 coupled channels :’:.,»’“*\ ]
10_4 7 ¢ |--  Full: vector + B. Wigner (2 res) |
== Vector
10—5 - | I | 1 1 | L L | L | | | | | | L] -
0.6 0.8 1.0 1.2 1.4 1.6 1.8

Vs (GeV)
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Other issues in hadronic Tt decays

1~ = (/K)~ v_ are trivial hadronically - Lepton Universality tests
T > 1’ v, (y):p, ) p” pole parameters & Check of e* " > n* 7 (y) for a HVP
1~ - (Kn)~ v_ discussed by Matthias
1~ = ()~ v, discussed previously (SCC)

1~ = (nnm)” v, improved determination of a, resonance pole parameters & of its contribution to A spectral function. Is the a,
real or fake due to bad understan
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Other issues in hadronic Tt decays

T~ > (/K)~ v, are tr|V|aI hadronically - Lepton Universality tests

124

T > V. (y)

1~ - (Kn)~ v_ discussed by Matthias

T > Mn)” v, dlscussed previousl

T~ > (mamn)” v.

real or fake due to bad understanding of three-body FSI?
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ole parameters & Check of e* e > n* v (y) for a, HVP

T spin correlations for H CP study (Z.Phys. C64 (1994) 21-30, ...)
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Other issues in hadronic Tt decays

1~ = (/K)~ v_ are trivial hadronically - Lepton Universality tests

T > 1’ v, (y):p, ) p” pole parameters & Check of e* " > n* 7 (y) for a HVP

1~ - (Kn)~ v, discussed by Matthias

1~ = ()~ v, discussed previously (SCC)

1~ = (nnm)” v, improved determination of a, resonance pole parameters & of its contribution to A spectral function. Is the a,’
real or fake due to bad understanding of three-body FSI?

Improved BR measurements to test Unitarity A. Lusiani,

HFAG Status,

BABAR results vs. non-BF fit results Belle results vs. non-BF fit results TAU'16
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Other issues in hadronic Tt decays

1~ = (/K)~ v_ are trivial hadronically - Lepton Universality tests
T > 1’ v, (y):p, ) p” pole parameters & Check of e* " > n* 7 (y) for a HVP

1~ - (Kn)~ v_ discussed by Matthias
1~ = ()~ v, discussed previously (SCC)

1~ = (nnm)” v, improved determination of a, resonance pole parameters & of its contribution to A spectral function. Is the a,’
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)

3 * ALEPH
— Perurbative QCD (massless)
== Parton model prediction
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Other issues in hadronic Tt decays

1~ = (n/K)~ v, are trivial hadronically - Lepton Universality tests

T > v (y): p, p, p” pole parameters & Check of e* e > n* 7 (y) for a ,fVP

1~ - (Kn)~ v, discussed by Matthias
1~ = (nm)~ v, discussed previously (SCC)

1~ - (nnm)” v, improved determination of a, resonance pole parameters & of its contribution to A spectral function. Is the a,’

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)

Davier, Michel et

al. Eur.Phys.J. C74 (2014) no.3
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Other issues in hadronic Tt decays

1~ = (n/K)~ v, are trivial hadronically - Lepton Universality tests

T > v (y): p, p, p” pole parameters & Check of e* e > n* 7 (y) for a ,fVP

1~ - (Kn)~ v, discussed by Matthias

1~ = (nm)~ v, discussed previously (SCC)

1~ - (nnm)” v, improved determination of a, resonance pole parameters & of its contribution to A spectral function. Is the a,’
real or fake due to bad understanding of three-body FSI?

Improved BR measurements to test. Unitar-ity Eur.Phys.). C11 (1999) 599-618

Better (non-)strange spectral functions (discussed &

by Matthias T 6f ALEPH Miss-ID
Y HFAG ’1)6 errors on main strange BRs (%) > + — 5
o o0 6 o - [ Kt between
7 K°7°n%_ (ex. K°) 0.0234 +£0.0231 SF — = s & K's
—~_0 0 : K
K 27 v, (ex. K) 0.0640 + 0.0220 4 b s )
K™ 37°v, (ex. K°,n) 0.0428 + 0.0216 K3m+Kn (MC)
T UV, (eX. y c . [ =
- K 3k 1 K41t (MC) mg(m,)
K™ v, _ 0.4327 + 0.0149 : - &V,
K_7T_7r+7r01/7 (ex. Ko,w,n) 0.0410 £+ 0.0143 2 ¢
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Other issues in hadronic Tt decays
1 > (/K)" v, are trivial hadronically - Lepton Universality tests
> v, (y): p, p, p” pole parameters & Check of e* e” > * 1 (y) for a HVP
> (Kn)~ v, discussed by Matthias
T~ = (Mm)~ v, discussed previously (SCC)

T~ = (nnm)” v, improved determination of a, resonance pole parameters & of its contribution to A spectral function. Is the a,’
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)

CPVstudiesint > Knrntv. &1t > KK*n v _(t” = (nmnrew)” v,) (Phys.Rev. D78 (2008) 113008, ...)

(> K v, is mode, although the situation is clear theoretically: Bigi-Sanda ‘05,Grossman-Nir’12)
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Other issues in hadronic Tt decays
1 > (/K)" v, are trivial hadronically - Lepton Universality tests
> v, (y): p, p, p” pole parameters & Check of e* e” > * 1 (y) for a HVP
> (Kn)~ v, discussed by Matthias
T~ = (Mm)~ v, discussed previously (SCC)

T~ = (nnm)” v, improved determination of a, resonance pole parameters & of its contribution to A spectral function. Is the a,’
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 studiesint > Knntv &1 > KK*n v _(t > (tnnn)” v,)

Hadronic LFV t decays are also of prime interest (JHEP 0806 (2008) 079, Phys.Rev. D89 (2014) 013008, ...)
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Other issues in hadronic Tt decays
1 > (/K)" v, are trivial hadronically - Lepton Universality tests
> v, (y): p, p, p” pole parameters & Check of e* e” > * 1 (y) for a HVP
> (Kn)~ v, discussed by Matthias
T~ = (Mm)~ v, discussed previously (SCC)

T~ = (nnm)” v, improved determination of a, resonance pole parameters & of its contribution to A spectral function. Is the a,’
real or fake due to bad understanding of three-body FSI?

Improved BR measurements to test Unitarity

TAUOLA for Belle-Il

Better (non-)strange spectral functions (discussed by Matthias)
CPV studiesint > Knntv &1 > KK*n v _(t > (tnnn)” v,)

Hadronic LFV t decays are also of prime interest (JHEP 0806 (2008) 079, Phys.Rev. D89 (2014) 013008, ...)
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Towards the discovery of Second Class Currents in T~ = ©~ n v, decays @ Belle-ll

Vr

q" <My,

S Vual(py, )" (1 = 7®)u(py ) (w0 |y (1 - 3% ul0)

W 0-,1+»0+,1-
(1 A = M2 — M2
Dt o> TP T
. A o NG AZSD -0
(113000 = (B0 -+ S22 g | O 17 (04 P g 62y 7 )
Matrix 2
dr (r— - =y GZ M3 — ) S
element & ( L T) - _F 3T Sew|Vua?|FT 7 (0)[2 (1 — —2)
decay width dv/'s 24m°s , M;
1 23 3 ﬁﬂ-—n(’) 2 3A7T_77(’) 'ﬁﬂ'_n(’) 2
18 ) B OFT ()P + =0 () (5)
-n( S
TN QCD
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F o' (0) A Srn®)
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Towards the discovery of Second Class Currents int™ = w n v, decays @ Belle-II

12 o ¥i(s")F (s)T’*f(s)
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Sf' (S’ I€)

L Other cuts (KK, m1/'...)
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channels for
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I
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RO Input from Guo, Oller & Ruiz de Elvira
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Towards the discovery of Second Class Currents in T~ - n~ n v_ decays @ Belle-II

Main physical effect: Coupling of tn & KK channels on 1 SFF !!

200 S —
— Elastic 1000- — Elastic
100} 1 i 4
- |=== 7 coupled to 777’ ] 5007 |== 71 coupled to 7y l
50[ feees nn coupled to KK E _ - an' coupled to KK }‘
A F ] |
. ==-=7n coupled to ' and KK l | -= 7' coupled to m and KK f ?
20 A JRt
Z 10-
Sl
t L
=
20
1
. . s L . s ! . . s ! “l‘v . . s | L . ‘ ‘ I ‘ ‘
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Towards the discovery of Second Class Currents in T~ - n~ n v_ decays @ Belle-II

@ 70-n-n’ mixing (P. Kroll, Mod. Phys. Lett. A20, 2667 (2005))

Y 1 ennyCOpy + EnnySOpy ExprCOppr — E SOy T3
nm 1= ~&m COny =8Oy | "8
/
n —Emn SOy COrpry "o
where ¢, and 6y, are the 7%-n(") and n-’ mixing angles
@ m—n—n' mixing: Next-to-leading order prediction in Res. ChPT
CS AQCD
) 0 BRoycs —pmp®
F+77 (0)2_07\7/77 A an (O)
g )
7 n() 3 )
T 0= ] e, =9.8(8)10°7
) () ME+A__ _ 40-4
FO U (O) _ Cg n S W n(") J Eqn! = 2.5(1.5) 10
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Towards the discovery of Second Class Currents in T~ - n~ n v_ decays @ Belle-II

Main diagrams suppressed by a0 but not by G-parity violation (Axial-vector FFs):
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Towards the discovery of Second Class Currents in T~ - n~ n v_ decays @ Belle-II

Main diagrams suppressed by a but not by G-parity violation (Axial-vector FFs):
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Towards the discovery of Second Class Currents in T~ - n~ n v_ decays @ Belle-II

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

n o - ; v _ T
1R contibutions = — u
p N 0 P
y w - n
.

T U 7 T n T m
2R contibutions ® J, = § — < i l ) .
g - -LL f ’ " " w ! . w y

Pablo Roig BR(T- > 7 1 v.)~10% Cinvestav (Mexico City)



Towards the discovery of Second Class Currents in T~ - n~ n v_ decays @ Belle-II

No cuts on Ey
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Towards the discovery of Second Class Currents in T~ - ©~ n v_ decays @ Belle-II

Cutting out E,>50 MeV (But it will
still work)
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Towards the discovery of Second Class Currents in T~ - ©~ n' v, decays @ Belle-II

Escribano, Gonzdlez-Solis & Roig Phys.Rev. D94 (2016) no.3, 034008
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WGS8: Tau and low multiplicity
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