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Interest of non-standard currents in tau decays

“Beyond a QCD laboratory, hadronic tau decays are competitive NP

probes due to very precise measurements and SM calculations”
(Cirigliano et al, 1809.01161)

- Second Class Currents (SCC) in tau decays- not observed vyet (S & PT)
(Weinberg 1958, Leroy and Pestieau 1978, ....)
- CP violation in angular & hadronic mass distributions (S & T)

(Belle, Babar, Cleo searches)
- CP rate asymmetry of CP violation in 7 — Kav.-(T)

(Delepine, Faisel, Khalil, GLC, PRD 2006; Devy, Dargyal, Sinha PRD 2014,
Cirigliano, Crivellin, Hoferichter, PRL 2018)
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7~ = 7 nu,. — sensitive to scalar
77 — 7 7mv; — sensitive to tensor
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Only three form factors are relevant (div.vector current)
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Only three form factors are relevant (div.vector current)
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* G-Par'i’ry states (Lee, Yang 1956); G = CGMIZ
\_ w,

* Classification of currents according to G (weinberg, 1958)

FirstCC - JECWV =171, JPC[A) =17
SecondCC @ jPesl =0T, JPO[(PT),]=1""

* SCC exist if the following occurs (Leroy, Pestieau 1978):
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Isospin is good but not exact —» suppressed rates




SM contributions: isospin violation

By (nm™) ~ 1071
BR(nm ™ Y)E,>0.1 Gev ~ O(107°)

V3mg —m Hernandez-Tome, Roig, GLC, PRD96, 2017
elO — - Guevara, Roig, GLC, PRD95, 2017




SM contributions:

Examples
of New
Physics

contributions

isospin violation

BSM(777T ) ~ 10~
BR(NT™7)E,>0.1 cev ~ O(107°)

Hernandez-Tome, Roig, GLC, PRD96, 2017
Guevara, Roig, GLC, PRD95, 2017
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Some recent predictions for 7 — zyu,

Recent calcs. of branching ratios for T — 7T/ (in units 10-5)

Model/Reference eta-pi mixing (10-2)
0.36 1.0 1.36 VMD, 1 resonance [1]
0.33~0.47 1.73~3.33 2.1~3.8 VMD, 2 resonances [2]
0.44 0.04 0.48 Nambu-Jona-Lasinio[ 3]
0.13 0.20 0.33 FF+Analit/Unitarity [4]
0.26 1.41 1.67 SFF 3 coupled channel [5]
0.11 0.37+00 0.48+0-0 FF Dispersive eval. [6]

o0k WwN -

S. Nussinov +A. Soffer PRD78 (2008);
N. Paver + Riazuddin, PRD82, (2010);
N. Volkov and Kostunin, PRD86, (2012);
S. Descotes-Genon and B. Moussallam, EPJC74, (2014);

R. Escribano, S. Gonzalez-Solis and P. Roig, PRD94 (2016);
S. Descotes-Genon E. Kou & B. Moussallam,NPB-PS, (2014)
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BR¥P(1~ = 7 nv) < 9.9x 107> (CL = 95%)
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Babar Collab,
PRD83, 032002 (2011)



Form factor inputs

—_ ~ 0 S
nm - T 7T
FIm (s)=eeFT™ ()
D. GoOmez-Dumm and P. Roig, EPC73, 2528 (2013)
R. Escribano, S. Gonzalez P. Roig, PRD94, (2016)

T e
Fy" (s) = en kg T ()

Tensor form factor:

O(p4) o UV pul - 757 O. Cata, V. Mateu,
L — A1<t+ + > — 1o <t+ uuu,) JHEP 09, 078 (2007)

= uFIf”/uT + uTFg”u; uw, =1 [u*(ﬁﬂ — ir,)u — u(d, — ifﬂ)uT]; U= exp[i¢/\/§F]

N V2A5 <94 x 1072 GeV ™! our estimate *
Fr" (s) —
T

~ T (1.96 +0.11) x 10~2 GeV ™', Latticet

* E. Garcés et al, JHEP 12, (2017)
T 1. Baum et al PRD84, (2011)
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Decay rates are the most sensitive (other observables
studied: Dalitz plot, pi- angular distribution, spectrum)

' =T(e€g =er =0)

channel Q 5] vy 0

mn *| 7.0 x 107 1.1 1.6 x 10° 21
7’ *| 9.0x10% | —8.0x107* | 1.9 x 10° 0.1
70 | 3.5 x 1074 3.3170°¢ 2.2 x 1072 | 4.7130

*

Theoretical errors not included, but they are for the pi-pi channel
* (see )



E. Garcés et al, JHEP (2017)
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T~ > 1 7lu. J. Miranda and P. Roig, 1806.09547
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Summary:

Channel €g €T Source
T = 1wl (—5.2,5.2) (—0.79,0.013) BR Belle x
<8.107° (=1.3%52)-1072 77w spectrum Belle *
T =7 v, (—83,3.7)-107° (—0.55,0.50) BR Babar UL f
(=6 +15)-1077 —~ arXiv 1809.01161

semileptonic 7 : (—0.4+4.6)-107° arXiv 1809.01161
o < 8x 1072 <1073 Cirigliano et al JHEP 2013

*

T

Improved searches/measurements at Belle I, can provide
stronger constraints from semileptonic tau decays.

Conclusions: NP effects of non-standard weak interactions
can be constrained from = — (77 7% 77 n)v,







Constraints on S and T couplings from the decay
rate of 7~ = 7 1V,

A es(er =0) er(€s = 0) €s er
)
Babar | [-8.3,3.9]-10—% | [-0.43,0.39] | [-0.83,0.37]- 102 -0.55,0.50
Belle —7.7,2.9]-1072 | [0.51,0.47] | [-0.75,0.29] - 102 -0.48,0.43]
CLEO | [-9.5,5.0-10* | [-0.62,0.57] | [—0.95,0.49] - 10~ -0.66,0.60
Belle IT | ([—4.8,2.0] - 10— | [-0.12,0.08] | [-4.9,—4.3] - 102 | [-0.20,—0.25] |
[—2.6,3.0] - 10~4 [0.15,0.20]
7
Babar | [—1.13,0.68]-10~2 | |ér| <11.4 | [-1.13,0.67]- 102 [-11.9,11.9]
Belle | [-1.07,0.60]-10~2 | |ér| <10.6 | [-1.06,0.61]- 102 [-11.0,11.0
Belle IT | [-4.8,2.3]-10~% | [1.35,1.41] | [-4.8,—4.3]-10°|J | [-3.4,—-2.7]U
[—2.4,2.4] -10~4 2.7, 3.3]




Estimated upper limits at Belle II "] "e"nanae
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H = (77 |dul0) = Fg(s),
A _— o

S

H* = (77 |dy"u|0) = CyQ*F(s) + Cg ( ) q"Fo(s),

H" = (77~ |do"u|0) = iFPr(s) (P, PY- — P PY%).
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Vector form factors

€
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Scalar form factors
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