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A lo largo de la platica, indico investigacion en México en esa linea mediante
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Pablo Roig

A lo largo de la platica, indico investigacion en México en esa linea mediante
(Si no estamos, hay que pensar si nos interesa estar...)
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+ sobre las SCCs

o) T, dq, P

Non-strange V-A currents can be split into: 1st class currents JPG = 0++, 0, 1+_j 1=
2nd cl ts 7PG _ og+— -+ 1++ 1——
nd class currents 7 =0t—,0"*+, 17+ 1

(Weinberg’58)

A, mn, b, o
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+ sobre las SCCs

o) T, dq, P

Non-strange V-A currents can be split into: 1st class currents JPG = 0++, 0, 1+_j 1=
2nd | PG _ og+— -+ 1++ 1——
nd class currents — 0 , 0 , 1 , 1

(Weinberg’58)

A, mn, b, o

G — Parity : G|X) = €™ C|X) = (-1)'C|X) Gldy'u) = +|dy*u) + Glr n)=—|r 1)
(Leroy-Pestieau’78)
G-parity(lsospin)-violating process (m, # my, e # 0)
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+ sobre las SCCs

o) T, dq, P

Non-strange V-A currents can be split into: 1st class currents JPG = U++, 0, 1+_j 1=
2nd | PG _ og+— -+ 1++ 1——
nd class currents — 0 , 0 , 1 , 1

(Weinberg’58)

A, mn, b, o

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

o) T, dq, P

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

Weinberg’'58
2nd class currents PG _ +— o+ 1++ 1—— ( g'58)
? ? ”

A, mn, b, o

G — Parity : G|X) = €™ C|X) = (-1)'C|X) Gldy'u) = +|dy*u) + Glr n)=—|r 1)
(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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+ sobre las SCCs l uuuuu I

a,,
Non-strange V-A currents can be split into: 1st class currents JPC U++ 0__ 1+_ 1™ +

2nd class currents  JPG :0"‘—’0 T 1T, 17—
? 7

(Weinberg’58)

A, mn, b, o

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

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

150 —

. ; SCCs would have been discovered @ BaBar/Belle
= ool Hayasaka PDS’;(JQ if it was not for the tough background !!
2 I (Belle)
% of by b
s i | ] |+—|—+T :
&nL L s 14 I | I | 5y 0 |
0.5 1.0 l 4 1.B
M, (GeV/ieD)
BRE3%ar <9.9-107° 95%CL
(PRD 83 (2011) 032002)

BRSe1 <7.3.10°° 90%CL
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Non-strange V-A currents can be split into: 1st class currents JPC U++ 0__ 1+_ 1™ +

2nd class currents  JPG :0"‘—’0 T 1T, 17—
? 7

(Weinberg’58)

aO' m, b]_l ®
. il / - - B B
G - Parity : G|X) = €™ C|X) = (-1)'C|X) Gldv"u) = +|dv"u) + Glr ) = -|x n)
Leroy-Pestieau’
SCCs would have been discovered @ BaBar/Belle Conarityl] - /eroy Pestlgau 78)
if it was not for the tough background !! -parity(lsospin)-violating process (m, # my, e # 0)
o FTD) (Jg Possible New Physics contribution via H-
Z 100f. Hayasaka PoS r o
E‘ Fi (BEIIE): ‘Mt‘“‘“-«._‘_‘_‘,_--"""J—-_-'
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::';’ 0 . * 'l‘.—l l:t.l.ith \\
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_5a:i-|- il T I LT .
0.6 1.0 | .4 1.8
M, (GeV/ie)
BRgay? <9.9-107° 95%CL
(PRD 83 (2011) 032002)

BREG® <7.3.10°° 90%CL
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+ sobre las SCCs li@I

a,,
Non-strange V-A currents can be split into: 1st class currents JPC U++ 0__ 1+_ 1™ +
2 I PG _ n+— + 1++ 1—
nd class currents — 0 , 0~ , 1 , 1

(Weinberg’58)

Ay mn, b, o
. il / — ~ - -
G — Parity : G|X) = €™V C|X) = (-1)'C|X) Gldy"u) = +[dy"u) # Glm n)=-[7"n)
SCCs would have been discovered @ BaBar/Belle , o Aﬂeroy-Pestleau 78)
if it was not for the tough background !! G-parity(lsospin)-violating process (m, # my, € # 0)

150

) Possible New Physics contribution via H°

Hayasaka PDS’HQ

% 100~ i T— - -
a r (Belle). ‘ ~—
ZF: ﬂ . i‘JFTJrT*“-F"** B(?unds comPetitive b N
P I P B PR LA with B->tv,_ if the SFF
e M (GeVAD - is known (th. & exp.)
BRgay? <9.9-107° 95%CL with 20% accuracy!!
(PRD 83 (2011) 032002) ‘ Descotes-Genon & Moussallam
Bﬁgfge <7.3.-10°5 90%CL Eur.Phys.J. C74 (2014) 2946
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+ sobre las SCCs

Descotes-Genon & Moussallam Eur.Phys.). C74 (2014) 2946 | Escribano, Gonzadlez-Solis & Roig Phys.Rev. D94 (2016) no.3, 034008
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+ sobre las SCCs

Descotes-Genon & Moussallam Eur.Phys.). C74 (2014) 2946 | Escribano, Gonzadlez-Solis & Roig Phys.Rev. D94 (2016) no.3, 034008

* Analyticity+Unitarity+Chiral Expansion
* VFEEnmm > nmrisrelatedton > nnx

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

Descotes-Genon & Moussallam Eur.Phys.). C74 (2014) 2946 | Escribano, Gonzadlez-Solis & Roig Phys.Rev. D94 (2016) no.3, 034008
* Analyticity+Unitarity+Chiral Expansion * Analyticity+Unitarity+Chiral & resonance contributions

* VFF:nm > nmnisrelatedton > nnn * VFF: Itis shown that it can be relatedtodata (t >t v,)
«  SFF: Dispersion relation + realistic model for phaseshift | ° SFF: Dispersive approach +use of meson-meson scattering data

+ SR constraint for inelastic region Input from Guo, Oller & Ruiz de Elvira

Phys. Rev. D 86, 054006 (2012)
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+ sobre las SCCs

Descotes-Genon & Moussallam Eur.Phys.). C74 (2014) 2946 | Escribano, Gonzadlez-Solis & Roig Phys.Rev. D94 (2016) no.3, 034008

* Analyticity+Unitarity+Chiral Expansion * Analyticity+Unitarity+Chiral & resonance contributions

* VFEEnmm > nmrisrelatedton > nnx

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

1.2

10° x dBy.g/ds GeV™?

Seoras

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

Input from Guo, Oller & Ruiz de Elvira

1L
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0.4 |
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+ sobre las SCCs

Descotes-Genon & Moussallam Eur.Phys.). C74 (2014) 2946 | Escribano, Gonzadlez-Solis & Roig Phys.Rev. D94 (2016) no.3, 034008

* Analyticity+Unitarity+Chiral Expansion
* VFEEnmm > nmrisrelatedton > nnx

* SFF: Dispersion relation + realistic model for phaseshift

Analyticity+Unitarity+Chiral & resonance contributions

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

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

+ SR constraint for inelastic region 10.

1.2 = f Cop V#S((s =1.10) 5 :
™ ( 1. H
| F A
> ] ( S i
& E 0.1 a

0.8 1 |
= 06 = 001,
=S 0.4 90'001 — Full: vector + elastic
Lgx 0.2 [ -= Full: vector + 3 coupled channels
E ' 10_4 - Full: vector + B. Wigner (2 res)

0 == Vector
1073
0.6 0.8 1.0 1.2 1.4 1.6 1.8

Y eoraz

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

* Analyticity+Unitarity+Chiral Expansion

* VFEEnmm > nmrisrelatedton > nnx

* SFF: Dispersion relation + realistic model for phaseshift

+ SR constraint for inelastic region

+ sobre las SCCs

B

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

* VFF: Itis shown that it can be relatedtodata (t >t v,)

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

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

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 [88]

0.44 0.04 0.48 Volkov, Kostunin [89

0.13 0.20 0.33 Descotes-Ge Toussallam [83]
BRy x 10° | BRg x 10° | BRx10° Mysis

0.26 £0.02 | 1.41 +0.09 | 1.67 £ 0.09 3 coupled channels

Errors from SFF
~ parameters not
included !!

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

* Analyticity+Unitarity+Chiral Expansion

* VFEEnmm > nmrisrelatedton > nnx

+ sobre las SCCs

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

* SFF: Dispersion relation + realistic model for phaseshift

+ SR constraint for inelastic region

Y

=

SCC | BRy x 10° | BRg x 10° | BRx10° Reference
’e,{.escoo/& 25 1.60 1.85 Tisserant, Truong [84]
re .690,/, 1.38 1.50 Bramon, Narison, Pich [85]

w’f/; ,/)Sco,,ef 1.06 1.21 Neufeld, Rupertsberger 86!
0.3u e’o(, N 1.36 Nussinov, Soffer [87]
0.2,0.6) 4, '5’@//@;‘1 0.4, 2.9] Paver, Riazuddin [8§] —
0.44 Y é’oq A > by, 0.48 Volkov, Kostunin Bgl/
0.13 0.20 /70'// 1 0.33 Descotes-Genon; Moussallam [83)
BRy x 10° | BRg x 10© | BRx10° Mysis
0.26 £0.02 | 1.41 = 0.09 | 1.67 £ 0.09 3 coupled channels

* Analyticity+Unitarity+Chiral & resonance contributions

* VFF: Itis shown that it can be relatedtodata (t >t v,)

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

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

Errors from SFF
parameters not
included !!
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+ sobre las SCCs

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

T 2 n‘@vt

BRy BRg BR Reference
~ 107 0.2,1.3] x 109 0.2,1.4] x 1076 Nussinov, Soffer [90]
0.14,3.4] x 107® | [0.6,1.8] x 10~ 0.61,2.1] x 1077 Paver, Riazuddin |
1.11 x 10~8 2.63 x 1078 3.74 x 10~8 Volkov, Kostunin |

\ BRv BRg BR Our analysis

[ 10.3,5.7] x 10710 [ [T x 1077,1x 107%] [ [1x 10,1 x 109 3 coupled channels

' Errors dominated by Emy

At least one order of magnitude suppressed with respectto t > nn v_!!
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+ sobre las SCCs

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

T 2 n‘@vt

BRy BRg BR Reference

<10~ 0.2,1.3] x 107° 0.2,1.4] x 107° Nussinov, Soffer [90]

0.14,3.4] x 107® | [0.6,1.8] x 10~ 0.61,2.1] x 1077 Paver, Riazuddin |

1.11 x 10~8 2.63 x 1078 3.74 x 10~8 Volkov, Kostunin |
| BRv BRg BR Our analysis
[ 10.3,5.7] x 10710 [ [T x 1077,1x 107%] [ [1x 10,1 x 109 3 coupled channels

' Errors dominated by Emy
44"(‘/,07 At least one order of magnitude suppressed with respectto t > nn v_!!
e s
/[6 //@/7 )
e/) ’Od.
Tt S
7]././ b@fs
Cc
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+ sobre las SCCs

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)

Jorge Martinez: México en Belle-ll
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+ sobre las SCCs

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:
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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 contributions to © - m n v, Y which are suppressed by a. but not by G-parity
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+ sobre las SCCs

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 contributions to © - m n v, Y which are suppressed by a. but not by G-parity
BRRxL = (2.7+0.8)x107

Il

As expected, comparable
tot>nnv !
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+ sobre las SCCs

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 contributions to © - m n v, Y which are suppressed by a. but not by G-parity
BRRxL = (2.7+0.8)x107

Il

As expected, comparable
tot>nnv !

One can just cut ys
above certain E
(leaving windows for
detecting n%s & n’s) !!
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+ sobre las SCCs

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)

%EDF&E

Meanwhile, an ‘unexpected’ background has been identified:

There are contributions to © - m n v, Y which are suppressed by a. but not by G-parity
BRRxL = (2.7+0.8)x10>

Il

As expected, comparable £
tot>nnv ! 7<100Me\/

One can just cut ys
above certain E
(leaving windows for

detecting n%s & n’s) !!
‘Unexpected’ bkg killed !!
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Towards the discovery
of Second Class Currents

Note: With SCCs | mean either genuine SCCs (BSM) or SCCs induce
estav (M o City)

Pablo Roig




Otros aspectos de desintegraciones semileptonicas de taus

1~ = (n/K)~ v_are trivial hadronically - Lepton Universality tests

%EDF&E Reunidén general de la RED-FAE, 10-12 de Noviembre de 2016, Pachuca, Hidalgo, México



Otros aspectos de desintegraciones semileptonicas de taus

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

EE Belle _ Theory tools (common to 2-meson decay channels):
%« 10°%} + Data - Dispersion relations + Chiral Constraints
s | — G&S Fit - ,
: 5 I (Prroy + Praasoy ¥ Pramony GOomez-Dumm & ROig, EPJC 73, n0.8, 2528 (2013)
*E 10 Celis, Cirigliano & Passemar PRD 89, no 1., 013008 (2014)
=
S 1043 :
2 B,
Z 103} - -
‘N'\.
10 2 3 E
| Phys.Rev. D78 (2008) 072006
10 3 E
0 0.5 1 15 , 2 2.5 3
(MMU) (GeV/ieh)?
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Otros aspectos de desintegraciones semileptonicas de taus

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

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

< b T T Belle ' ] Davier, Michel et al. Eur.Phys.). C71 (2011) 1515, Erratum: Eur.Phys.J. C72
> [ _ A L B ! '
S 6l - HMNT 07 (e*e-based)
w10 F * Data s —285 + 51 —e—
S — G&S Fit JN 09 (")
(Per7a) * Prrasoy + Pyamony) o r
2 10° Davier et al. 09/1 (1-based)
E 157+ 52 —— ki
S Davier et al. 09/1 (e*e")
S, 4l; —312 51 —a—
=10 F 3 Davier et al. 09/2 (e*e” w/ BABAR)
2 : —255 +43
g HLMNT 10 (e*e” w/ BABAR)
Z 10° | _: —259 £ 48
) T DHMZ 10 (t newest)
\ —195 +54 —h—
102k | DEHEEEJB 0 (2" newest)
- Phys.Rev. D78 (2008) 072006 : B
: | BNL-EB821 (world average) :
10 i 0+63 ]

E ] 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1

[ | | | | | L] -700 -600 -500 -400 -300 -200 -100 0

0 0.5 1 15 , 2 2.5 3 exp w107

(MMU) (GeV/cY) a, —a,
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Otros aspectos de desintegraciones semileptonicas de taus

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

Y eoraz

I - I

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

4
10 'k
K*(892)+K*,(800)+K*(1410) —¢

ey
(=]
Lo
—

ey
(=]

Neyernro/(11.5 MeV/c2)

Reuniodn gene

Signal
KK, b )
K STI:EE
KK
3n
non-tt

08 1 12 14 16
Vs, GeV/c?

2016, Pachuca, Hidalgo, México



Otros aspectos de desintegraciones semileptonicas de taus

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

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

10%} Signal
K*(892)+K*,(800)+K*(1410) — Kk D) Y
[ o NEer
g : [ Kcnn =
‘\b 10°L M KK
S B 3 Theory tools (2-meson decay channels):
Q : Bl non-t Dispersion relations + Chiral Constraints
=
n 10°¢
- Boito, Escribano & Jamin EPJC 59, 821
Al (2009); JHEP 1009, 031 (2010)
b 10
=
5
< 1
-1
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Otros aspectos de desintegraciones semileptonicas de taus

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

1~ = (Kn)~ v.: K*, K*’ pole parameters and unitarity tests
1~ = (nm)~ v, discussed previously (SCC) 10 Escribano, Rafel et al. Phys.Rev. D94 (2016) no.3
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I I\S;g: I : rl
_— al
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o .:
e
Theory tools (2-meson decay channels): H 0.0T.
Dispersion relations + Chiral Constraints o’ s
EO.OO] — Full: vector + elastic
-= Full: vector + 3 coupled channels
10_4__ - Full: vector + B. Wigner (2 res)
== Vector
0.6 0.8 1.0 1.2 1.4 1.6 1.8
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Otros aspectos de desintegraciones semileptonicas de taus

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

1~ = (Kn)~ v.: K*, K*’ pole parameters and unitarity tests

T
T

real or fake due to bad understanding of three-body FSI?

([dN/dM(mw'w*))/N)/(10MeV/c?)

1.5
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O = =0

—> (nm)~ v, discussed previously (SCC)
—> ()~ v improved determination of a, resonance pole parameters & of its contribution to A spectral function. Is the a,’
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Otros aspectos de desintegraciones semileptonicas de taus

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

1~ = (Kn)~ v.: K*, K*’ pole parameters and unitarity tests

T
T

real or fake due to bad understanding of three-body FSI?

([dN/dM(mw'w*))/N)/(10MeV/c?)
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Otros aspectos de desintegraciones semileptonicas de taus

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

> 1 (y)

1" = (Kn)~ v.: K*, K*’ pole parame
—> (nm)~ v, discussed previously (SC

-
T ()" v,

real or fake due to bad understanding of three-body FSI?

itarity tests

’, p”’ pole parameters & Check of e* e - n* 7" (y) for a "V

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

etermination of a, resonance pole parameters & of its contribution to A spectral function. Is the a,’
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Otros aspectos de desintegraciones semileptonicas de taus

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

> 1 (y) ', p”’ pole parameters & Check of e* e - ©* 7 (y) for a”""’"

1" = (Kn)~ v.: K*, K*’ pole parame

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

T~ = () v, |i etermination 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

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

A. Lusiani,
HFAG Status,

BABAR results vs. non-BF fit results Belle results vs. non-BF fit results TAU’16

Belle

I
1

I

umber of measurements
1 I\l‘.) 1 1
umber of measurements
[ %]

n
[
1
1
[43]
I -
[3%]
\ln
|
[F%)
I
[\%]

BaBar

L)
L%
1

3.29 +0.17 +0.20

7
/ PhyS.ReV. D81
- (2010) 113007

1.58 £+0.13 +0.12

Phys.Rev.Lett.
100 (200
011801

\

—

-1 0 1 2 3 -1 0 1 2 3
standard deviations / standard deviations

\BABAR and Belle B(7 — K_K_KJF.VT) results (times 107)
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Otros aspectos de desintegraciones semileptonicas de taus

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

T > 1 v_(y)
1" = (Kn)~ v.: K*, K*’ pole parame
—> (nm)~ v, discussed previously (SC
- ()~ v |i

itarity tests

T
T

real or fake due to bad understanding of three-body FSI?

Improved BR measurements to test Unitarity
Better non-strange spectral functions

W W
= 3 * ALEPH -
g " 42
— Parturbative QCD (massless) )
23 -== Paron model prediction
1
£ nn”
2 n3n” A GuMC) oA
m:r.nmr°.kh°[l'u1|3]
1.3 Thk-bar{MC) 0.6
=l
1 0.4
oo 01
PRdl S
0.5 L™ == 0.2

0 0.5 1 1.5 2 2.5 3 3.5
s (GeV?)

’, p”’ pole parameters & Check of e* e - n* 7" (y) for a "V

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

etermination of a, resonance pole parameters & of its contribution to A spectral function. Is the a,’

Davier, Michel et al. Eur.Phys.J. C74 (2014) no.3

[ ® ALEPH
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[ ]
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Otros aspectos de desintegraciones semileptonicas de taus

1~ - (n/K)~ v, are trivial hadronically - Lepton Universality tests
T > 1 v_(y) ', p”’ pole parameters & Check of e* e - ©* 7 (y) for a”""’"
- Km)™ v_: K*, K* pol itari
K z ETI:TE))_ \\:Tdisc’usseg(;reeSiac:j:ye sC art tEStSr spin correlations for H CP study (Z.Phys. C64 (1994) 21-30, ...)

- (ntnn)” v, etermination 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

T
T

Davier, Michel et al. Eur.Phys.J. C74 (2014) no.3
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Otros aspectos de desintegraciones semileptonicas de taus

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

T > 1 v_(y) ', p”’ pole parameters & Check of e* e - ©* 7 (y) for a”""’"
1" = (Kn)~ v.: K*, K*’ pole parame
“ > Mn) v, dlscussed previously (SC
~ > (nmmw)” v, etermination of a, resonance pole parameters & of its contribution to A spectral function. Is the a,’

real or fake due to bad understandlng of three-body FSI?

Improved BR measurements to test Unitarity
Better (non-)strange spectral functions

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

T
T

< i
T 6} | ALEPH
/1 H B 0, E [ 7 .

) _I-;FA;G 6 errors on main strange BRs (%) st ] I_(TI: Miss-ID
K77, (ex. K°) 0.0234 + 0.0231 : Ko between
K~ 2r%v, (ex. K°) 0.0640 4 0.0220 4 f(311:+K'n (MC) s & K’s
K~ 31°%v, (ex. K%, n) 0.0428 £0.0216 4 K41t (MC)

K n°u, 0.4327 + 0.0149 : m¢(m,)
! ; 5 |
K 7 7, (ex. K° w,n) 0.0410 4- 0.0143 : & Ve
™ K, 0.8386 + 0.0141 [ sp. _ Pevia\Fes
[ PVl - | Vus|?
— >0 _0 0L s P A e ; #
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e Mass” (GeV/cY)
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Otros aspectos de desintegraciones semileptonicas de taus

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

T > 1 v_(y)
1" = (Kn)~ v.: K*, K*’ pole parame
“ > Mn) v, dlscussed previously (SC
~ > (nmmw)” v,

T
T

itarity tests

real or fake due to bad understandlng of three-body FSI?

Improved BR measurements to test Unitarity
Better (non-)strange spectral functions

HFAG ‘16 errors on main strange BRs (%)
0.0234 + 0.0231

7 K°7°x%_ (ex. K°)

K 27°% . (ex. K°) 0.0640 £ 0.0220
K™ 37%., (ex. K%, n) 0.0428 £ 0.0216
K™ 7°v, 0.4327 + 0.0149

(ex. K, w, n) 0.0410 4- 0.0143

0.8386 &= 0.0141
0.3812 + 0.0129
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>

ALEP
O Kn
Knm
K3n+tKn
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Mass” (G
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T spin correlations for H CP study (Z.Phys. C64 (1994) 21-30, ...)

etermination of a, resonance pole parameters & of its contribution to A spectral function. Is the a,’

|Vu3 Determination I

T rrrrJ rrr o[ 17T
—e—i
o
o
—e—
—e—
—e—
—e—i
. | I T T T I T T T T
~ 0.215 0.22 0.225
V|

K, decays, PDG 2013
0.2253 + 0.0014

K, decays, PDG 2013
0.2253 £ 0.0010

CKM unitarity, PDG 2013
0.2255 + 0.0010

T — s inclusive, HFAG 2014
0.2176 + 0.0021

T—=Kv/1t—mv, HFAG 2014
0.2232 + 0.0019

T — Kv, HFAG 2014
0.2212 = 0.0020

1 average, HFAG 2014
0.2204 £ 0.0014

| Summer 2014 |




Otros aspectos de desintegraciones semileptonicas de taus

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

- Krn)~ v_: K*, K* pol itari
K z ET]:TE))_ \\/,Tdiséusseg(:)reeS?]c:j:ye sC art teStSr spin correlations for H CP study (Z.Phys. C64 (1994) 21-30, ...)

- (ntnn)” v, etermination 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 A
CPV studiesint > Knntv &1 > KK*n v_(t 2 (rnern)” v,) (Phys.Rev. D78 (2008) 113008, ...) i

(v~ > K m~ v, anomaly, although the situation is clear theoretically: Bigi-Sanda ‘05,Grossman-Nir’12)

T
T
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Otros aspectos de desintegraciones semileptonicas de taus

1~ - (n/K)~ v, are trivial hadronically - Lepton Universality tests
T > 1 v_(y) ', p”’ pole parameters & Check of e* e - ©* 7 (y) for a”""’"
- — . 3 k7 . .

K z Eﬁ;))_ \Y:-dlfséulzsegczreesgj:ye sC art teStSr spin correlations for H CP study (Z.Phys. C64 (1994) 21-30, ...)

- ()~ v |i etermination 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

CPV studiesint > Knntv &1 > KK*n v_(t 2 (rnern)” v,) (Phys.Rev. D78 (2008) 113008, ...)

(t- > K;m~ v, anomaly, although the situation is clear theoretically: Bigi-Sanda ‘05,Grossman-Nir’12)
Hadronic LFV t decays are also of prime interest (JHEP 0806 (2008) 079, Phys.Rev. D89 (2014) 013008, ...) I 2 I

T
T
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Otros aspectos de desintegraciones semileptonicas de taus

1~ - (n/K)~ v, are trivial hadronically - Lepton Universality tests
T > 1 v_(y) ', p”’ pole parameters & Check of e* e - ©* 7 (y) for a”""’"
- - . 3 k7 . .

K z Eﬁ;))_ J:.dlfséulisegcgreesgj:ye SC art teStSr spin correlations for H CP study (Z.Phys. C64 (1994) 21-30, ...)

- ()~ v_|i etermination 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

CPV studiesint > Knntv &1 > KK*n v_(t 2 (rnern)” v,) (Phys.Rev. D78 (2008) 113008, ...)

(v~ > K m~ v, anomaly, although the situation is clear theoretically: Bigi-Sanda ‘05,Grossman-Nir’12)
Hadronic LFV t decays are also of prime interest (JHEP 0806 (2008) 079, Phys.Rev. D89 (2014) 013008, ...)
I FH%JI
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TAUOLA for Belle-lI Jorge Martinez: México en Belle-ll
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Desintegraciones leptonicas de taus

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

_ . G2,,m3 . i
Loy = T[0T = " opv(y)] = 15; ; j(m-ﬁ;/mg) (l -I—c)gfj)

B T
B p— K pr— T
c 0.972559 + 0.000005 (1632.9 + 0.6) x 10~ 15 g

17.95 |
17.90 |
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17.80 - .

B, (%)

| v

17.70

L
:‘ ' T —> o
17.65 - =
17.60 | _ = .xe"u!d'ls
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7, (fs) ""«»..1% B -
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Desintegraciones leptonicas de taus

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

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

FT—>p/FT—>e Fﬂ'—),u,/rﬂ'—b-e FK—H_L/FK—}B FK—HT,U,/FK—HTE FW%p/FW—}e
ge/ge]  1.0018 (14)  1.0021 (16)  0.9978 (20) 1.0010 (25) 0.996 (10)
FT—}B/F,U,—}E FT—HT/F'JT—},U, FT—}K/FK—};L FW—}T/FW—?’,UJ
g-/g.] 10011 (15)  0.9962 (27)  0.9858 (70) 1.034 (13)
Y
FT—}‘LL/F,UJ—}'E FW—}T/FW—?E f_'!"’ '
T ——
9/ 9! 1.0030 (15) 1.031 (13) 2 e, u,d,s
W e |
TP = e v(y)] g. | m2 1 —m2/mE\* :“"'-u._
Reati = WP ymip] = |ar) (1= mifm;%) (L4 ORpern) Vv,

%EDF&E

- ‘I'l-'rell \"j..l'u’u
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Michel ‘50, Bouchiat & Michel ‘57 (See also A. Pich PPNP ‘14)
Kinoshita & Sirlin ’57, ‘57

Desintegraciones leptonicas de taus
g (= = " Dpyy
P,

w = (mi+m3)/2my

2 i [
d“T o pr mew* o, [, . : & [, . L
T — 7= 53 Gy, V r? — x5 ¢ F(z) — 3 Py V r? — 12 cosf A(x) x=Ep/u
x d cos 2T o ' .

g = My }-f"lt..i.."

2 5 9 _
Flz) = z(1l—22)+ 9 p (42 — 3z — .-r"‘,) +nxo(l —x),
2 . /
Alz) = 1—x+ .—;h (-Lr — 4+ v’l — fﬁ) ,
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Michel ‘50, Bouchiat & Michel ‘57 (See also A. Pich PPNP ‘14)
Kinoshita & Sirlin ’57, ‘57

Desintegraciones leptonicas de taus
g (= = " Dpyy
Pe w = (mi+m3)/2my

I’EI— —y ':JJI -~ 9 1 £ f i —
co bt _ T G V r? — x} {f () — %"Pf V r? — 28 -::usHA[.z‘}} = Epfw

drdcos® 273

g = My }-f"lt..i.."

2 2 - 9 .
Michel Flz) = a(l-z)+ qp )i —3v - 7o) @r““ — ). Low-E
paramete;T 2 — parameter

& &9, o, 5 These can be determined knowing P

(if P, is known)
In the SM p=0=3/4, n=0, &=1.
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Michel ‘50, Bouchiat & Michel ‘57 (See also A. Pich PPNP ‘14)
Kinoshita & Sirlin ’57, ‘57

Desintegraciones leptonicas de taus
g (= = " Dpyy
P,

w = (mi+m3)/2my

; {F(.L’) — %'}D{ V x? — x4 cosf A[.z*}} = Eplw

I = My }-f"lt..i.."

)
d“T o pr me W’

drdcosf 273

-2
Tg

2 |‘ -)
Flz) = z(1l—22)+ 47 4r® — 3 — .-r"‘,) -@r‘“(l — ), Low-E
Michel _ g
« parameter

t 25 1 —a3
parameter Alz) = 1—z2+ 3 0|4 —4+ V’ 1 — if’ﬁ) ~

& &9, o, 5 These can be determined knowing P

(if P, is known)
In the SM p=0=3/4, n=0, &=1.

-‘:}: r 2 3
(Tf’i'”‘"i? me g(mg/mg)

For massless neutrinos, [, ., — f(my /mj) (1 4 a;{:) o Gup = Gy \F-"'1+ 4

19273 me f(m?/m?)’
. 5 o 25 5 m2 ] . , .
f(z)=1—8z+ 823 — 2t — 1222 log z Oht = ~= [I NG (’;)] TR g(2) = 1492 — 922 — 2* 4+ 62(1 + 2)log 2
L ! {
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Desintegraciones |leptonicas de taus

Michel ‘50, Bouchiat & Michel ‘57 (= = " Dpuy (See also A. Pich PPNP ‘14)
Kinoshita & Sirlin ’57, ‘57

[ = e vy, TO — [ Dyl T~ — e Ul T — ey
p 0.74979 4+ 0.00026 0.763 £ 0.020 0.747 4 0.010 0.745 4 0.008
7 0.057 4= 0.034 0.094 4 0.073 — 0.013 £ 0.020
£ 1.0009 T pooe 1.030 4 0.059 0.994 4 0.040 0.985 4+ 0.030
) 0.7511 F oo 0.778 4 0.037 0.734 & 0.028 0.746 £ 0.021

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).

L > 1v, v,y @ NLO shows a tension with the BaBar ‘15 measurement of 3.5 ¢ (Fael, Mercolli & Passera ‘15)
T eYWelr It can be checked with t>3e 2v !!

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

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

_ l$. Alain Flores-Tlalpa, Gabriel Lopez-Castro, PR JHEP 1604 (2016) 185 .*‘
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LFV en desintegraciones de taus a
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LFV en desintegraciones de taus a

After the discovery of v oscillations, flavor violation only remains unmeasured in the charged lepton sector.
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LFV en desintegraciones de taus a

After the discovery of v oscillations, flavor violation only remains unmeasured in the charged lepton sector.

“;;"’l“glu B(pp — ey) = 107°" Marciano-Sanda ‘77, Bilenky-Petcov-Pontecorvo ‘77, Cheng-Li 77
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LFV en desintegraciones de taus a

After the discovery of v oscillations, flavor violation only remains unmeasured in the charged lepton sector.

“;FN‘;“EIH B(pp — ey) = 107°" Marciano-Sanda ‘77, Bilenky-Petcov-Pontecorvo ‘77, Cheng-Li 77

-
B(pt — ety) 1\}\':' x 1013

4.2
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After the discovery of v oscillations, flavor violation only remains unmeasured in the charged lepton sector.

B(p — ev) S 1077 Marciano-Sanda ‘77, Bilenky-Petcov-Pontecorvo ‘77, Cheng-Li ‘77

4.2
MEG’s present upper bound: B(u*t — etry) < 57 x 101

Hunt of New Physics at MEG, MEGA, SINDRUM (ll),
Mu2e, Mu3e, COMET, PRISM, Belle-ll, ATLAS & CMS, ...
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And 2 orders of magnitude improvement expected for Belle-II !!
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And 2 orders of magnitude improvement expected for Belle-II !!
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Pedro Podesta: LNV en Belle-I|

Jorge Martinez: México en Belle-ll

Fisica del tau: Motivacion
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Towards the discovery of Second Class Currents in T~ - ©~ 1 v, decays @ Belle-
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Towards the discovery of Second Class Currents in T~ - ©~ 1 v, decays @ Belle-
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Towards the discovery of Second Class Currents in T~ - ©~ 1 v, decays @ Belle-
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Main physical effect: Coupling of mn & KK channels on tn) SFF !!
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Towards the discovery of Second Class Currents in T~ - ©~ 1 v, decays @ Belle-
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@ 70-n-n’ mixing (P. Kroll, Mod. Phys. Lett. A20, 2667 (2005))

!
n —Emny SOy COrpry "o

where ¢, () and 6,,, are the 7%-n!") and -y’ mixing angles
@ 7 —n-n' mixing: Next-to-leading order prediction in Res. ChPT
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