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Introduction

In the SM charged weak interaction is described by the exchange of W £ with a pure
vector coupling to only left-handed fermions ("V-A”" Lorentz structure). Deviations from
"V-A" indicate New Physics. 7=~ — ¢~ v, (£ = e, p) decays provide clean laboratory
to probe electroweak couplings.

The most general, Lorentz invariant four-lepton interaction matrix element:

=2 % aaerem)| [ameonueo).
N=S,V,T
ii=L,R
rS=1,1rv=q*r1" = — AV
¥ 2\/—(7 7 =)
Ten couplings gi'j“, in the SM the only non-zero constant is g‘l_/l_ =1

Four bilinear combinations of gﬂ.\‘, which are called as Michel parameters (MP): p, 7, &
and § appear in the energy spectrum of the outgoing lepton:

dr(+¥) 4GZM.E? 2
SoaC = F(zﬂ)4max1 /x2 — x2 (x(l —X)+ §p(4x2 —3x —x2) + 7x%o(1 — x)

1 2 E m
:FéPTcosegf x2—x§[1—x+§5(4x—4+,/1—x§)}), X= % xXg= -2

Emax

IntheSM: p=2,n=0,6=1,6=3
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Status of Michel parameters in 7 decays

Michel par. Measured value Experiment SM value
p 0.747 £ 0.010 £ 0.006 CLEO-97 3/4
(eor ) 1.2%

f} 0.012 £+ 0.026 4+ 0.004 ALEPH-01 0
(eor p) . /0

1.007 + 0.040 + 0.015 CLEO-97 1
(eor p) 4 3%
&o

0.745 £ 0.026 £ 0.009 CLEO-97 3/4

(eorp) 2.8%
Eh 0.992 + 0.007 4 0.008 ALEPH-01 1
(all hadr.) 1 1%

& oossfooz & 073540020

With x300 Belle statistics we can improve MP uncertainties by one order of magnitude
In BSM models the couplings to = are expected to be enhanced in comparison with .
Also contribution from New Physics in — decays can be amplified by (m—T)".

o

2
@ In the Type Il 2HDM: 7, (7) = TuMz (tﬁgzﬁ) ; Zuld) — Me 3500
HE

2V2
—0.096 < kY < 0.037: DELPHI Abreu EPJ C16 (2000) 229.

@ Unparticles: Moyotl PRD 84 (2011) 073010, Choudhury PLB 658 (2008) 148.
@ Lorentz and CPTV: Hollenberg PLB 701 (2011) 89
@ Dark Sector (arXiv:1311.0029 [hep-ph])
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@ Tensor interaction: £ = 2w {177“(1 =577 4 =@ (l‘/cru nu(l— 75)T> }




Method, study of ¢ — p and p — p events

Effect of 7 spin-spin correlation is used to measure £ and 6 MP.
Events of (7 — ¢Fvv; 7% — pEu) topology are used to measure: p, 0, £,€ and £,&5,
while (rF — pFv; 7+ — p*u) events are used to extract £2.

T helicity

S ™ helfcity )
Ao Ry i
(HoPe) LH 7 Ve
e 1

do(¢F, p*) = Ao+ pAL + 1A + £ A + € £6A4—24:A9
dE;dQydQsdme _df.de, O O r T IR TR et m 2 A

do(eF, p¥) B 72

dpydQydppdQpdm2 dSy

do(¢F , pF) ' a(E}, ), 95, r)

@) = *da*da*dm2 _ do
dEJdQFdRAdm2 | dfrd2,

‘dor
& 9Py Qs Pp, Qp, O7)

N
L=T]PY, P® = FE¥)/N(8), N(6) = /f(z)dz, 8 = (L, pym, €0, €€000)
k=1

MP are extracted in the unbinned maximum likelihood fit of (¢, p) events in the 9D
phase space Z = (pg, c0S 0y, ¢¢, Pp, COSOp, ¢p, M2, COSbOr, ¢r)in CMS.
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Corrections, detector effects, background

Physical corrections:

@ All O(c®) QED and electroweak higher order corrections to
ete” — 77~ are included

@ Radiative leptonic decays 7~ — £~ Dyvry
@ Radiative decay 7~ — 7~ 7%v,y
Detector effects:
@ Track momentum resolution
@ ~ energy and angular resolution
@ Effect of external bremsstrahlung for e — p events
@ Beam energy spread
@ EXP/MC efficiency corrections (trigger, track rec., ° rec., ¢ID, 7ID)

Background:

The main background comes from ¢ — 77%7%(~10%) and

7w — mr’(m — p)(~1.5%) events, it is included in PDF analytically. The
remaining background(~2.0%) is taken into account using MC-based
approach. Background from the non-r7 events is < 0.1%.

PTOT - (1 - >\37r - >\7r - Aother),PSignal + )\37\'73387(\'3 + )\WPEG + Aotherp(?tﬁer(MC)
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EXP/MC efficiency corrections (

(e™; p~) event
Two independent subtriggers (neutral (ECL) and charged (CDC®TOF®KLM))

are used to evaluate EXP/MC trigger efficiency correction.

+

0.

e

& E| E S 3
p).SVD-1 ] E os (€1 0) SVD-
e I, E T . I
5 At il E 0.8% PR rr g, L D)
gg k] i 1 22 of e L ¥ Rl 111}\1\
W Tl E w E
a._ O X Tar 775756 | [t E o o7 7{
%52 o7 Prob 0.0886 3 52 o X2/ ndf 6222158
w 0. po 0.8195 + 0.02345 E w Prob 0.3284
1l pL -0.04571+ 0.03367 E Il 0.6% PO 0.5042 £ 0.1581
x 06 p2 0.1782 + 0.02815 E X o6 Pl 0.5684 x 0.3535
0 Pz 0.02682 + 0.001994 E F p2 0.05718 + 0.006313
55 usgf g 3 0.55 p3 0.0005679 + 0.001591
6 115: 0 3 0.5k P4 045+ 0
o7 4: 0 E SF 5 15+ 0
0.4 E . I I I I i I | E L L L L L L L
005115 2 25 335 4 45 5 55 6 65 7 7. 005115225 3354455 556 657
P (GeVic) P (GeVic)
The lepton detection efficiency is corrected using the
+a— te—ptp— p—
e"e” —efe ("¢, L = e,utwo-photon data sample.
1.0 4 1.0 -
1F o=t E 1 4 A5
o.of —4 } * ’ : 098 e :
E 3 il E
0.9 1 0.9 1
[ = 5 1 oo F t E
3 oof X2Tndr 08916/6 || =3 094 E
w F Prob 09894 [ W F X7 ndf 252415 | 4
&0 0% po ogaszo001058 [{ So 0% Pob el
4o oo pl 003467+ 0007821 | U o9 st 00167+ 001703 |
0.8 p2 -0.03645 + 0.01081 I 0.84 p2 0.02198 + 0.006707 |
E p3 0.05521+0.01475 | 4 E p3 -0.08046 + 0.02131 |
o.86 p4 175+ 0 [ 0.8¢ p4 0.01918+ 0006282 | |
0.8t ey P2 275+ 014 osdfelp)-gvp-2 b S E
SHE T P) SVD=1 | ps 34+ 0 [ CEELV) OVUEZ p7 275: 0 | ]
£ I T E s s e
0805115 2 25 3 35 4 45 5 ¢ 08505 15 25 3 35 4 45 5
P, (GeVic) P, (GeVic)
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Fit of the experimental data, (e™;p")

We confirmed that with Belle data the statistical accuracy of Michel
parameters is by one order of magnitude better than in the previous
best measurements (CLEO, ALEPH).

i G Source (). % o(1).% 0(6p8).% o(EpE0),%

s Vi \ Physical corrections
= ISR+O(ad) 0.10 0.30 0.20 0.15
3 T — bvvy 0.03 0.10 0.09 0.08
Z T — pry 0.06 0.16 0.11 0.02

\‘\ Apparatus corrections
T 25 5 a5 s t-s Res.@brems. 0.10 0.33 0.11 0.19
o (Epeam) 0.07 025 0.03 0.15

‘ Normalisation
AN 0.21 0.60 0.38 0.26
5 % Total 027 08l 047 0.40
i f ﬂ We observe a systematic bias of the order of a

= few percent, especially in the £,£ and £,£6, which
originates from the remaining inaccuracies in the

OSTITISTY 3 SsTaTas e description of the ¢ — 37 background.

(GeV)
The dominant systematic uncertainties coming from the various
EXP/MC efficiency corrections are under investigation.
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Study of radiative leptonic decays

Y

ﬁ/ Y 4

== 7/|_
o AlEeiny o @ TEe
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Photon carries information about spin state of outgoing lepton, as a result two
additional Michel-like parameters, 77 and ¢, can be extracted:

= _
% = fo 0 VT (x, y)ig{cos 64 (Ng(x, Y)+Khy (x, y)) + cos 6 (do (x, )+ (x, ¥)) } J

Belle+BaBar Belle Il
Nsel(€F; pT), 10° 0.87 28.2
Nsel (1T pt), 108 0.18 5.8

We are measuring 77 and ¢« in T decays at Belle. The expected accuracy is
7.7% for the £ and 9.8% for the 7. At Belle Il the expected statistical
uncertainties of £ and 77 are 1.1% and 1.4%, respectively.

N. Shimizu et al., Poster talk at the Tau-2014 conf., Aachen, Germany, 15-19 September, 2014.

Up to now 7 and £~ were measured only in u~ — e v, ey decays:

PDG: 7 = —0.014 4+ 0.090: W. Eichenberger et al., Nucl. Phys. A 412 (1984) 523.
CONF: 7 = —0.084 4 0.060: D. Pocanic [PIBETA], AIP Conf. Proc. 1423 (2012) 273.
PDG(¢'): ¢k = 0.000 £ 0.010: H. Burkard et al. [CNTR], Phys. Lett. B 150 (1985) 242.
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Tau decays into 5 leptons

D. A. Dicus and R. Vega, Phys. Lett. B 338 (1994) 341.
M. S. Alam et al. [CLEO Collaboration], Phys. Rev. Lett. 76 (1996) 2637.

Mode Biheory, 10~ Beigo, 10°° Belle Belle Il
efefe2v  415+6 27755 Nsel(eTete™; 1prong®) 1750 87500
uFete 2y  1974+2 < 3.2(90% CL) Nsei (1 Fe"e™; 1prong®) 600 30000
eFutp~2v 1.257 +0.003 Nee(€Fp* ™ 1prong®) 2 100
pFptp~ 20 1.190 + 0.002 Neet (1Tt p™; 1prongT) 2 100

A. Kersch, N. Kraus and R. Engfer [SINDRUM], Nucl. Phys. A 485 (1988) 606.
‘iﬁ,ﬁ? =QLd1+Q1rd2+QrLd3+QrrUs+BrL0ds+BLrde J

Up to now Q, Qir, Qre, Qrr, BrL, BLr Were measured only in muon
decays (1~ — e~ e~ e, D) with the accuracy of about 10 = 20%. In 7
decays these parameters can be measured with the accuracy of ~ 20% at
Belle, and 3 +~ 5% at Belle Il.
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Search for heavy Majorana neutrino in 7 decays |

C. Greub, D. Wyler and W. Fetscher, Phys. Lett. B 324 (1994) 109
[Erratum-ibid. B 329 (1994) 526]

In the case of nonzero neutrino mass additional Michel parameters, A
and o, appear in the differential decay width of 7 — fvv with
additional suppression factor of m,,/m.. But even ordinary Michel

parameters can be used to search for the effect of Majorana neutrino:
M. Doi, T. Kotani and H. Nishiura, Prog. Theor. Phys. 118 (2007)
1069 [Erratum-ibid. 122 (2009) 805].

Ap ~ 9% P72 + [Wep ?) + 198 [P (Ve? + [Wepnl®), An ~ grrRe(Wer Weun)

2, D6~ (9% 1P (Va® + Wepnl®) — 1981 (Ve + [Wepnl?)
Z‘U[J|271—U[ ) Z'Vl ‘27\1527 e*e7 122

ZUEJ uj = Wep, Zvekuuk = We,h,

AE ~ —|gee [PV,

LTZZ ~ Wz ~ O(( VD/mVR) )7 WB,U« ~ Weuh ~ O( VD/ml/R)’

where: Uy;/Vy; - leftright-chirality lepton mixing matrix, m,p and m,g are Dirac-type
and right-chirality Majorana-type elements of the neutrino mass matrix.
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Search for heavy Majorana neutrino in 7 decays |l

T =40 X, (0=e, v;X =7, K, p, K*) decays with |AL| = 2 can be
induced by the exchange of Majorana neutrinos.

G. Lopez Castro and N. Quintero, Phys. Rev. D 85 (2012) 076006.

| I L I
200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
my (MeV) my (MeV)

In the case of the resonant mechanism where the contribution of one heavy Majorana
neutrino dominates and B upper limits of O(10~7) (which can be reached at Belle II)
the constraints on the |V, |? vs my plane can be obtained (competitive to the

constraints from B and D decays).
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Search for sterile neutrino in 7 decays

C. Dib et al., Phys. Rev. D 85 (2012) 011301.

To clarify MiniBooNE and LSND anomalies it was suggested to
search for the long-living sterile neutrino.

400 MeV< my <600MeV, 1 x 103 < U NP <4 x107% 7y S1x 107 °%s.

@

N\<’J+ @

To explain anomaly the branching fractions must be:
B(r~ = {p b1 {ptn}2) =20 x107° + 1.3 x 107,
Bt~ — {p 7, }1{ute Te}2) =2.1 x 1078 + 8.2 x 1075,

The main signature is the displaced vertex (2) with L =0.6-=30cm.
Sterile neutrino can be also searched for in radiative leptonic decays:
7~ — £~ yN, N — ~v, i.e. constraints can be obtained from Michel parameters.
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Tasks for the experimentalists at Belle/Belle |l

@ Improve the performance of the trigger for two-track events (more
intellectual ECL Bhabha trigger). Develop the procedure to

determine EXP/MC trigger efficiency corrections.
@ Tabulate precisely EXP/MC efficiency corrections:
/D:ete” —ete Ul L=e, p
@ KirID: D** — (D° — K~ 7" )mdo.,
@ Ks reconstruction: D** — (D° — K27 7) 7wy,
@ K reconstruction
@ track reconstruction: B® — (D*~ — D%, )7+ (low momentum),
D*" — (D° — (KQ — "7 )r 7™ ), (high momentum)
v, 7° reconstruction: n — 37°/n — 2y, n — 37%/n — 7T 7°,

(= — 7 7T — 7r+7r0177), (r= — a1t — Ian778)

[

*—

[

@ Include Michel parameter formalisms for several decay modes in
Belle 1l TAUOLA generator.
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Needed help from theorists

@ Michel parameter formalism for radiative leptonic = decays with
effect of the finite mass of the outgoing lepton is needed
(T. Mannel and S. Faller ?).

Effect of nonzero neutrino mass.

@ Analytical calculation of all form factors in the differential decay
width of 7 decay into 5 leptons taking into account effects of the
finite masses of the outgoing leptons (P. Roig).

@ Review the possibilities to study neutrinos in = decays at the
Super Flavor Factory (Search for Majorana, Sterile, BSM heavy
Dirac neutrinos).

@ Revise the formalism for the higher order QED (and QCD ?)
corrections to the ete~ — 7+~ differential cross section (with
effects of tau spin-spin correlations).

et ™
e’ Tt
~ e T
€ T

S. Jadach and Z. Was, Acta Phys. Polon. B 15 (1984) 1151 [Erratum-ibid. B 16 (1985) 483].
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@ Much higher statistics (x50) and better detector performance of the
coming Belle Il experiment will allow us to improve precision tests of the
Standard Model and BSM. Tau decays into leptons provide clean
laboratory to test SM at the level of precision competitive with the
accuracies achieved in the experiments with muon beams.

@ Leptonic tau decays allow us to measure four Michel parameters (MP):
p, n, &, 8. Statistical accuracy of MP at Belle Il approaches 10~ level.
Many New Physics models can be tested/constrained.

@ Radiative leptonic 7 decays allow us to measure two additional Michel
parameters, 7j and . At Belle Il they can be measured with the accuracy
of about 1%.

@ Tau decays into 5 leptons represent additional very attractive possibility
to test SM through Q. (, Qir, QrL, Qrr, BLr and Bg. Michel parameters.
At Belle Il accuracy of about few percent can be achieved.

@ In 7 decays, itis also possible to study neutrino properties. Various BSM
scenarios can be tested.
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