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Precision tests of tiny departures from V-A through Michel (‘50) parameters
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Inthe SM: p= 2,7 =0,(=1,6 =3
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Motivations in our case (with y — I'I) are quite similar:

Asinthe L — |y v, v, information about spin state of | can be extracted for precise
tests of weak charged current using Michel-like parameters analyses.

Along-living sterile neutrino was suggested to explain LSND & MiniBoone anomalies.
This hypothesis can be tested inL — | I'l' v, v, decays.

C. Dib et al., Phys. Rev. D 85 (2012) 011301
400 MeV< my <600MeV, 1 x 10 < [Un* S4x107°% 7y S1x10 7 s

/H (1)

_ CC—~=__V —* B=[2,8]x10°
T ,F-:zw E
N = —H

G \ —
I N VARY 7 Ve Pablo Roig (Cinvestav)



MOTIVATION

We have just heard about the interesting 3 o (M. Fael’s talk)

Motivations in our case (with y — I'I) are quite similar:

Asinthe L — |y v, v, information about spin state of | can be extracted for precise
tests of weak charged current using Michel-like parameters analyses.

Along-living sterile neutrino was suggested to explain LSND & MiniBoone anomalies.
This hypothesis can be tested inL — | I'l' v, v, decays.

These decays represent the hardest backgrounds for LFV L - | I’ I’ decays so they
must be described accurately in the MC (Denis Epifanov, Belle’s TAUOLA).

LIl Tv v Pablo Roig (Cinvestav)
L VI



MOTIVATION

We have just heard about the interesting 3 o (M. Fael’s talk)

Motivations in our case (with y — I'I) are quite similar:

Asinthe L — |y v, v, information about spin state of | can be extracted for precise
tests of weak charged current using Michel-like parameters analyses.

Along-living sterile neutrino was suggested to explain LSND & MiniBoone anomalies.
This hypothesis can be tested inL — | I'l' v, v, decays.

These decays represent the hardest backgrounds for LFV L - | I’ I’ decays so they
must be described accurately in the MC (Denis Epifanov, Belle’s TAUOLA).

Belle analyses need (1st) computation keeping daughter lepton mass dependence &
general Michel-like framework for the polarized L case.
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T (Q) = 0 (p1) £ (p2) 0" (p3) Pe(ps) vr(ps)

2) SM description

= (p
4 = po +ps 5’*(?;{[%} (unpolarized case)
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Figure 1. Feynman diagrams for five-lepton decays of taus. For identical leptons (' = £) in the

final state, two additional diagrams corresponding to the exchange p; <+ po should be considered.
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{J_U}?L SM description
£ (ps) i
q = py +Da ;T[pﬂ} (unpolarized case)
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Figure 1. Feynman diagrams for five-lepton decays of taus. For identical leptons (£ = ¢) in the

final state, two additional diagrams corresponding to the exchange p; ¢+ p2 should be considered.
L¥ = u(p2)y*v(ps)
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We perform the first computation keeping |, I' masses

I N VARY Pablo Roig (Cinvestav)



Channel Ref. |17] Ref. |18| This work | PDG |24]

BR(7™ = e ete v, ) x10° 415+ 0.06 | 44570006 | 421£0.01 | 28=1.5
BR(7™ — e putp o) x 107 || 1.257 £0.003 | 1.347 £0.002 | 1.247 £ 0.001 -

BR(t™ = pefe i1y ) x10° | 1.97£0.02 | 2.080+£0.003 | 1.984 +£0.004 | < 3.6
BR(t™ = p ptp ) x107 || 1.190 £0.002 | 1.276 £ 0.004 | 1.183 £ 0.001 -

BR(p~ — e ete r,) x10° || 3.60+£0.02 | 3.605£0.005 | 3.597 £ 0.002 | 3.4+04

Table 1. Branching ratios for the five-body decays of 7 and g leptons. Some of the previous
calculations are shown, for comparison, in the second and third columns. Experimental data are

scarce, with large error bars but still consistent with the SM predictions.

1777.8+£1.8 MeV 1776.82 £ 0.16 MeV
(2.91+£0.14)-107 ¥ s (2.90340.005)-10~% s

Small differences with Dicus & Vega understood in terms of slightly different inputs
[17]
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T polarization (@4—:11’]—}.1[:@—11_{}(1—?5 4) Q-s=10 amd 5= = —1.
2 s =(0,8)
dl’s M2 B P2 P .
= _ |1J1||1J2||1J3| CESSI&_S{P}

y=2E; /M (i=1,2.3 =
! ' {? ' ]I di‘l dﬂldlgffﬂgd.rjdﬂj 3 - 221 T-Tm ' -

T2, 1% (P) = ¢'G2. [F _Lp,-§—Gip,-5— G, ﬁ3-§]

¥

Esfgfﬂ'jip} = e'GT [Tu‘|‘T22‘|‘T1221‘|‘T33‘|‘T44—TL331—TL441—TEEEE—TEHE‘FTMH}

F = Fiyy + Foo + Fiooy + Fag + Fyy — Fiasg — Fiyg — Fasae — Fogge + Faygs
(analogously for L, G; & G,)

Inclusion of our results (SM & EFT) for (un)polarized Tt in TAUOLA-Belle is needed to
fight the background and search for signals in different analyses (D. Epifanov).
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Effective field theory analysis
(Michel '50, Bouchiat & Michel '57, Fetscher et. al. ‘86, ...)

L = ——ICH Z }LP rI‘ {\L"[J'Jé] |:{\.'I'.-"Ej FE}
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L = - »./:ﬁ {970 [ A +vs)ve] [7e(1 — v5)€] + gy, [€'(1 —vs)ve] [e(1 — 5)4]
+97r [C(1+v)ve] (1 +95)0 + g [€(1 —v5)ve] (1 4 45)4]
+arr [0 (1 —ys)ve] [Peyu(l — 5)0] +QHL Iy (1 + s )ver] ey (1 — 75)4]
+arr [0 (1 — v5)ve] o7 (1 +95)0 + gpr [0 (1 + v5)ve] [Zeu(l + 75)4)
T T
+ILE [P0 (1 + 35)ve ] 170 (1 +75)0) + TEL [P0 (1 = 35)v ] 760y (1 - w-s)fl}

——— Non-vanishing for massless (left-handed) neutrinos
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Effective field theory analysis

(Michel '50, Bouchiat & Michel '57, Fetscher et. al. ‘86, ...)

AG gy By sm—
£ =~ 3 i, [Br )] [T
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T2, 1P(P) = E4|for|2[F — Lp,-§— G py-§— Gyp;-§

+H,5- (P1 X Pa) + Ho5 - (P2 X P3) + H3S - (P x 13'3)}
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Effective field theory analysis

(Michel '50, Bouchiat & Michel '57, Fetscher et. al. '86, ...)

AGm | R
b= 1/%: > gk, (BT (ve)e] [{r;f]ﬁrifp}
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C THIS (B x P2) + HoS- (Bo x Bo) + HaS- (1 x Ba)|

QoorCauy + Gpar€ e + Gpa€uvon T Gop€roas + ov€oain = 0
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Effective field theory analysis

(Michel '50, Bouchiat & Michel '57, Fetscher et. al. '86, ...)
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Effective field theory analysis
(Michel '50, Bouchiat & Michel '57, Fetscher et. al. ‘86, ...)

L = —_lC“ Z e FF ”FJ&] [ Fﬁ’{ﬁ}

7 = E,.r._ er -T; FS _ I-. ]_“1 — ,-}_.F-l_. FT _ G-Pz;ffﬂ |
|Q’}tL| =1

1 5 2 V2, afl.T T
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Ap A,p

T-violation is not suppressed in L — | I' ', so its measurement signals LFV
(Okada et. al. '00, '01)
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LFV t decays

(Celis, Cirigliano r]d Passemar '14)
Ld} 6) Lﬂ'}
fou= £+ £ 00+ &Y el -0 )

The next-to-leading-order (NLO) effective Lagrangian of the SM with a dynamically broken
EW symmetry takes the form pB—di

L=_Lro +Zf_~l 5O
T 1 trancitiane - (£q) (46)
LFV 7—p transitions  L.ff = c'” ﬁ + JCEH + EEH + ‘CE.F.F + -

(D) _ _™m
Lerp =~ \2

L)

: 1
£l) = A2 {CSLL (B PLT) (1 Ppp) + Cspr (B Pr7) (B Prpt)
+ Cvi (1" Po7) (3 Prp) + Cver (29" Pr7) (s Pr 1)

+Cvir (B PL7) (B Prit) + Cvre (B Pr7) (B, Prp) + 11-'3-}
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LFV t decays

e Vector Model: Cypp = Cygpr = 0.3 with all other couplings vanishing.
e Scalar Model: Csr, = Cspr = 1 with all other couplings vanishing.

e Dipole Model: Cpp = Cpr = 0.1 with all other couplings vanishing.

A=1TeV
(According to Celis, Cirigliano and Passemar ’14)
Channel Current upper limit (UL) |24, 44| | S/B (UL) | Expected UL [45]
BR(t— —w e efe) 1.4-107" ~3-107* ~ 1077
BR(r7 = e pu"pu) 1.6-10°° ~ 0.1 ~ 107"
BR(t™ — p ee) 1.1-10°® ~6-107* ~ 1077
BR(t™ = p~pu pu™) 1.2-107° ~ 0.1 ~ 107
BR(p~™ — e e7e) 1.0-10712 ~3-107°% ~ 1071°
Table 2. Cwrrent and expected signal to background rgtios in LFV L™ — £ {"7¢'~ searches.
The expected UL is also shown for reference.

HFAG Report 12/14 for t’s and PDG for u’s
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CONCLUSIONS

* First computation of 5 lepton lepton decays keeping daughter lepton
masses (polarized & unpolarized case)
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CONCLUSIONS

* First computation of 5 lepton lepton decays keeping daughter lepton
masses (polarized & unpolarized case)

« Establishment of the formalism for evaluating form factors and spin-
momentum correlations within the SM & in an EFT framework.

* This renders possible a precise analysis of the V-A structure using
Belle(-1l)[coll. with Denis Epifanov]/PEN data.
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CONCLUSIONS

* First computation of 5 lepton lepton decays keeping daughter lepton
masses (polarized & unpolarized case)

« Establishment of the formalism for evaluating form factors and spin-
momentum correlations within the SM & in an EFT framework.

* This renders possible a precise analysis of the V-A structure using
Belle(-1l)[coll. with Denis Epifanov]/PEN data.

* We have considered in detail the background these (SM) processes
constitute in LFV L — 3l searches: efficient cuts & CPV
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