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Introduction

@ The world largest statistics of 7 leptons collected by eTe™ B
factories (Belle and BABAR) opens new era in the precision tests
of the Standard Model (SM).

@ In the SM 7 decays due to the charged weak interaction
described by the exchange of W* with a pure vector coupling to
only left-handed fermions. There are two main classes of tau
decays:

@ Decays with leptons, like: 7= — £~ Dpvr, 77 — L7 Dgvry,
TT = L0 g, 0,0 = e, u. They provide very clean laboratory
to probe electroweak couplings, which is
complementary/competitive to precision studies with muon (in
experiments with muon beam). Plenty of New Physics models can
be tested/constrained in the precision studies of the dynamics of
decays with leptons.

@ Hadronic decays of 7 offer unique tools for the precision study of
low energy QCD.
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Introduction: e*e~ B factories

Integrated luminosity of B factories
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B factories are also charm and r factories !
Analysis of 7 data is going on at B factories.
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Introduction: e*e~ Super Factories

Belle Il with unpolarized beams

Planned integrated luminosity is 50 ab—?!
o(bb) =1.05nb N,; =53 x 10°
o(cC) =1.30nb Ngz = 65 x 10°

o(r7) =0.92nb N,, =46 x 10°

Super Charm-Tau factory with polarized e~ beam

In five c.m.s. energy points
(2E = 3.554, 3.686, 3.770, 4.170, 4.650 GeV) i
it is planned to accumulate 7 ab—?!, which
corresponds to N, = 21 x 10°

The polarized e~ beam results in the nonzero average
polarization of single tau, which provide advantages in som e
particular studies with 7 lepton.
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Michel parameters in 7 decays

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=~ — ¢~ yv, (£ = e, p) decays provide clean laboratory
to probe electroweak couplings.

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

_ 46 NG (1) (@) | | Gm (7 )T (77)
= \/é Z gu |:U|( ) n mA¥TJENE] ’
NYISLVRT

S =11 =9 FT—Z\/—(V“ =)

Ten couplings gi'j“, in the SM the only non-zero constant is g‘l_/l_ =il
Four bilinear combinations of giz.“, which are called as Michel parameters (MP): O, 7],
5 and 0 appear in the energy spectrum of the outgoing lepton:

dr(=7) 4G§MTE4 2 2 2
o = (ZW)“max /x2 —x2 (x(l —X) + §p(4X — 3X — X§) + mXo(1 — Xx)

1 E
:FéPTcosegg X2 —x2 {1—x+ 5(4x—4+\/1—x§)}),x:—l,xozﬂ

Emax Emax

Inthe SM: p=3,7=0,6=1,6=32
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Michel parameters of tau, current status

Michel par. Measured value Experiment SM value = F oo | e
14 0.747 £0.010 £ 0.006 CLEO-97  3/4
(eor p) 1 . 2% oPAL oPaL
T] 0.012 £ 0.026 + 0.004 ALEPH-01 0 SO T hum
(eor p) 2 . 6% f.i‘:; ;7 j;i
f 1.007 £ 0.040 + 0.015 CLEO-97 1 P omofoon n
(eor ) 4.3%
&o 0.745 £ 0.026 + 0.009 CLEO-97  3/4 o
(eor ) 2.8%
gh 0.992 + 0.007 4 0.008 ALEPH-01 1 a0 [ sowsooa | CLEC
(@ll hadr) 1.1% z e {6 -
Current systematic uncertainties at Belle (study is going o n)
Source A(0).% A),. % A(E,6).% A(E,80)%
Physical corrections
ISR+O(a®) 0.10 0.30 0.20 0.15
T — Lvvy 0.03 0.10 0.09 0.08
T — pry 0.06 0.16 0.11 0.02
Background 0.20 0.60 0.20 0.20
Apparatus corrections
Resolution @ brems. 0.10 0.33 0.11 0.19
o (Ebeam) 0.07 0.25 0.03 0.15
Normalization
AN 0.11 0.50 0.17 0.13
without EXP/MC corr. 0.3 1.0 0.4 0.4

At Belle we are working on the various EXP/MC efficiency corre ctions which
produce the systematic uncertainties in MP of about few perc ent.
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Effect of the e~ beam polarization

At the Super Charm-Tau factory with polarized electron beam the average
polarization of single 7 is nonzero, hence the differental decay probability will
contain both, 7 spin-dependent and spin-independent parts.

do(C",¢") _ o

B+(Do + DiijCj+ +Pe(F G + Fj+gj+))

daQ, "~ B4E2
Ne(+) — Ne(—)
Do = 1+ cos? 0+ sme Pe =
° ® 7 Ne(+) + Ne(—)
a+ 7)3ln 0 0 =+ sin2
D = 0 —32sin? 6 0
L sin26 0 14 cos?f — % sin’ 6
Single 7 studies at the Super Charm-Tau factory:
do(¢7) _ o? -
do, ~ 3oz "Bt PR G

As a result, there are two methods to measure MP:
@ (I) Unbinned fit of the (¢, p) events in 9D phase space (spin-spin
correlations + polarized e~ beam)

@ (Il) Unbinned fit of the (¢, all) events in 3D lepton phase space (only
polarized e~ beam)
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Method at e*e~ factory with unpolarized beams

Effect of 7 spin-spin correlation is used to measure £ and 6 MP.
Events of the (+F — ¢Fuv; £ — p*v) topology are used to measure: p, 7, £p€ and
5055 while (¥ — pFv; 7% — p*v) events are used to extract £2.

T helicity sy .
11 helicity Vv oY) _—
)” o8 o. /7
Vi Qo 2
0. éxcr'
0.7 C/ NS AN
| 07239
v
do(£Fvv, ptv) 4
= = Ao + pA1L + nAz + £,EA3 + 0As = AQ;
dE;dQ,’fdQ;dmi"dQ"dQT 0 T PAL T NA2 ‘Epf 3 505 ; i Di
b
P G s, =) _ 2 ST sy =) ' o}, ), 9%, 9r) ‘do
dp,dQ,dp,dQ,dm2. dSr dE*dQ*dn*dmgmdﬁ,,dQT O(Pg> R, Ppy s &7) |
N
L=TIPY. PY = 7@9)/N(6). N(8) = [ F@Z, 6= (1, p. 1, €60 £,6050)
k=1

Proal = (1 — Z Ai )PS|gnal + /\1Pfg S ,\Z’pk:;*f’ + ’\SPb Py /\A,Pother (MC)

MP are extracted in the unbinned maximum likelihood fit of (¢vv; pv) events in the 9D phase
space Z = (ps, €0S 6, br, Py, COSO,, ¢pp, M2, COSBr, br)in CMS.
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Analysis of (¢, all) events in 3D

do(()  o? -
dQ, TE‘IZ—ﬂT(DO +7DeF|C|)
dr F(C* _>€:F * =% Tk * * * *
2 = (A F ERCBOC), X = B B
A(X™) = Ao(X") + pAL(X™) + nA2(x™), B(x") = B1(X™) + 6B (x™)
do(£T) o?6- . c -
dE;d0;d0, = Ky 3E? (DoA(E;) F PeliFingiB(EL))
do(£F) / do(¢T) |O(ES, Q) 40
dpdeg - dE;dQ;dQT a(pg,ﬂg) 4

Q. —sector

Q. -sector is determined by the kinematical constraint m,,, > 0

@ All Michel parameters (p, 1, Pe&, Pe&d) are measured in the unbinned maximum
likelihood fit of (= — £~ yv,; 77 — all) events in the 3D phase space.

@ The reduced 3D phase space allows one to tabulate various EXP/MC corrections
to the detection efficiency more precisely.

@ The crucial point in this method is to have high-efficiency 1- track trigger.
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Toy MC studies of the effect of polarized e~ beam

® 66 10M (u, p) samples, at 6 center-of-mass (c.m.s.) energies
(according to Table 1.1 in Super Charm-Tau factory CDR part I) :
2E = 3.554 GeV ("7~ production threshold), 2E = 3.686 GeV
(¥(2S)), 2E = 3.770 GeV (1(3770)), 2E = 4.170 GeV
(¥(4160)), 2E = 4.650 GeV (maximum of the
o(ete™ — AFAZ)), 2E = 10.58 GeV (Belle II), for 11 values of
e~ beam polarization: 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
0.9, 1.0, were generated for the calculation of the normalizations.
66 statistically independent 1M samples at the same energies
and polarizations were generated for the fit.

@ To evaluate MP sensitivities (rescaling the sensitivities obtained
in the fits of 1M samples) we took the detection efficiency of
(1, p) events to be 20% (to be compared with 12% efficiency
obtained at Belle, where the #° rec. efficiency is only 40%). The
detection efficiency of (, all) events was taken to be 30%.

@ To measure p, £ and £§ MP, samples with ¢ = e, . were taken
into account, while  MP is measured in samples with £ = 1 only.
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at Belle 11/

Istar(M): 10*
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3D Fit of (lep, all) events
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than that at Belle Il (with unpolarized
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The sensitivity to the £ and £ parameters at the Super Charm-Tau factory becomes better
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Summary on Michel par. at Belle Il/Super C-Tau

Two methods were studied, (1) 9D fit of the (¢, p) events, (ll) 3D fit of the (¢, all)
events.

In the method (1) , the sensitivities to p and n parameters for the expected Belle Il
(with unpolarized e~ beam) and Super Charm-Tau factory statistics differ by only
a factor of 1.5, Belle Il has the best sensitivities. The sensitivities to the £ and £§
MP differ by only 25% (with unpolarized e~ beam for Belle Il and e~ beam
polarization of 0.8 for Super Charm-Tau factory), with Belle Il best sensitivities.

In the method (Il) , the sensitivities to p and n parameters for the expected Belle
Il (with unpolarized e~ beam) and Super Charm-Tau factory statistics differ by
only a factor of 1.5, Super Charm-Tau factory has the best sensitivities. The
sensitivities to the £ and £6 MP become equal with unpolarized e~ beam for
Belle Il and e~ beam polarization of 0.5 for Super Charm-Tau factory. For the
higher e~ beam polarization the sensitivities to £ and £6 MP improve as 1/Pe,
and Super Charm-Tau factory wins Belle Il. For the high e~ beam polarizations
there is some notable room to decrease luminosity while keeping priority in the
sensitivities to £ and £6 MP at Super Charm-Tau factory. The reduced 3D phase
space in method (Il) allows one to tabulate various EXP/MC corrections to the
detection efficiency more precisely.

It is seen that the expected MP statistical uncertainties are of the order of 10—4,
to reach similar level systematic uncertainty, the NNLO corrections to the
ete™ — 777~ cross section are mandatory.
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Michel parameters in 7 — (vvy at Belle (I)

C. Fronsdal and H. Uberall, Phys. Rev. 113 (1959) 654. (m, = 0)
A. B. Arbuzov and T. V. Kopylova, JHEP 1609 (2016) 109. (m, # 0)

A= 7 e
T~ l=e v T_\@\@‘\( =&H v

Photon carries information about spin state of outgoing lepton, as a result two
additional parameters, 77 and £k, can be extracted.
These parameters were measured in 7 decays at Belle for the first time.

dr(++ — ¢Fo,vry a B
# = e 22 [F(x,y,d) £ P (Bp cos 0yG(x,y,d) + cos O~yH(x,y,d))|,
dx dy dQ, dQ- 6473 y
_ .25 3 _ D=2 v — _ _
Fg = GEM>. /1927~ By = /1 — m[/E[7 X =2Ep/mr,y=2Ey/mr,d=1— ﬁzcosez,Y

do(¢FT vy, ptov)

F =Fg +7F;, G =Gy + £€xGy, H = Hy + £€xH
0 1 0 il 0 L E*dO*dE*dQ* dQ*dm2 _ do
dEFdQF dEXdQx dQ%dmZ  dQrdQr

= Ag + AL + ErAy
+ ®2 +

do(tF vy, pTv) / do(eFTvvy, pTv)

dE

F(Z) = — = —
dppdQpdp~ ARy dppdQpdm2  dfy F Qg dEX A dQ%dm2 | dQrdR,

|JACOBIAN| d& .-
@

~(K _
L IE[ P00 p) _ FEW)  Fo+ Fia+ 788

— = L Ne = [ Fe@dZ, (k=0,1,2)
e N@)  Ng+ Nymt Npes K /k

71 and &6 are extracted in the unbinned maximum likelihood fit of (¢vv+y; pr) events in the 12D

phase space in CMS.
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Michel parameters in 7 — (vv~y at Belle (lI)

N = 646 x 10, selected: 71171 (uvv~y; pv) and 776834 (evvy; pv) events

Contour of likelihood

T- HVVY T- pVvy
s = — Sl T o A z
8 | R R | 150
g |:| T T, ) (565%) H v
é; | Wl e, cov = ‘ k7
21 3 B <m0 " l 05F
3 L, B e e P |— Pl Ww } £
[ o, @ Lo n .
o h\\l - N, ) 030 WWWW -
06f |:| others (2.8%) -
ok B} elle
01 02 03 04 05 06 07 GSE?(%EV)i 097 0975 098 0985 0.99 5 4 -3 2 1 1 E
(] € [ P
SOUI’CE. . 2] O¢, oy £
Normalization 4.3 0.94 0.15 0.04
Background PDF 25 024 067 022 Belle result
Branching ratios 3.8 0.05 025 0.01 n= —1.3 1.5+ 0.8
Cluster merge inECL 2.2 0.46 0.02 0.06 n S3+1.5x0.
Detector resolution 0.74 0.20 0.22 0.02
Data/MC eff. corr. 1.9 014 004 004 &k =0.5+£0.4+0.2
Total 7.0 11 0.76 0.24

N. Shimizu et al. [Belle Collab.], PTEP 2018 (2018) no.2, 023C01.
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Selections:

Ldt =431fb~*

@ 2-track events with zero net charge and 1 photon with E., > 50 MeV;

rement of B(r — (vvy) at BABAR (l)

@ 0.9<thrust<0.995, signal hemisphere: £ + ~, tag hemisphere: track+neutrals;

@ reject (T — Ves events, Eiot < 9 GeV, distance between track and photon clusters

dgy < 100 cm.
g o gt 500"
w25k w
S1of@]|, Ceyuy N L © S 45t O [N
= v eyvy 3 S 4o
10 - evy 1020 2
g I Other t decays & § 35
— Dat: S
@ 08 e S 15| Y30
2 2.5
0.6 H
3 20
& 10F
0.4 15|
ok B 05| 10
0.5}
o o 10 20 30 40 50 6 70 ° 010 012 014 016 018 020 0.22 0,242 o 70 075 080 085 090 095 100
d,, (cm) M, (Gevic?) cos 8,
14710 o 30%0° x10°
£ o
s @ T uyvy g t@ | g st®
212 A - nyve 3ast S
§ =y 8 E
& 1.0 -y 3 & 4F
[ Other  decays S 20 &
o8- el - E
——Data e 3E
0.6 w
|- 2=
0.4 19
0.2 05 v
ohd [, oobuens e R
010 20 W0 S0 B0 010 015 020 025 030 035 0.40 0.45 050 94 095 09 097 098 099 100
d,, (cm) M, (Gevic) cos 6,
2
evvy 022 <E, < 2.0GeV, M, > 0.14GeV/c?, cos 0, > 0.97, 8 < dey < 65Cm

prvy 0.10 < E, < 2.5GeV, M,,, < 0.25GeV/c?, cosf,, > 0.99,6 < d,, < 30cm

Neel(prry) = 15688 £ 125 Nge(evv~y) = 18149 + 135
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Measurement of B(r — (vvv) at BABAR (Il)

prvsy evvy
B— Nsel(1 — fig) (%) 0.480 +£0.010 0.105+0.003
20.+Le fhg 0.102 £0.002 0.156 +0.003
T — pVvy T — evry

Photon efficiency 1.8 1.8
Particle identification 15 15
Background evaluation 0.9 0.7
BF 0.7 0.7
Luminosity and cross section 0.6 0.6
MC statistics 0.5 0.6
Selection criteria 0.5 0.5
Trigger selection 0.5 0.6
Track reconstruction 0.3 0.3
Total 2.8 2.8

B(r — pvy)[EZ > 10MeV] = (3.69 + 0.03 £ 0.10) x 103

B(r — evvy)[EZ > 10MeV] = (1.847 + 0.015 + 0.052) x 10~2

Measured branching ratios agree with the LO predictions (B(uvrvy) = 3.663 x 1073,

B(evvy) = 1.834 x 10~2), however the LO+NLO prediction for the 7 — evvy

(B(evvy) = 1.645 x 10~2) differs from the experimental result by 3.5¢. It is important to embed
NLO corrections to the MC generator (TAUOLA) of the radiative leptonic decay. Also background
from the doubly-radiative leptonic decays should be properly studied and subtracted.

M. Fael, L. Mercolli and M. Passera, JHEP 1507 (2015) 153.
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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.
A. Flores-Tlalpa, G. Lopez Castro and P. Roig, JHEP 1604 (201 6) 185.
Mode Bineory BeiLeo

efete 2y (4.21+£0.01)x10°°  (27735)x10°°

pFete—2v (1.984 4 0.004) x 10~° < 3.2 x 10~5(90% CL)
eFutu—2v (1.247 £0.001) x 10~/

uFptp—2v (1.18340.001) x 10~ 7

A. Kersch, N. Kraus and R. Engfer [SINDRUM], Nucl. Phys. A 485 (1988) 606.

%295) =Q1d1+Q1rA2+Qr d3+QrrUs+Br ds+Brds J

Up to now Q, Qir, Qre, Qrr, BrL, BLr Were measured only in muon
decays (u~ — e~ e~ e’ v, k) with the accuracy of about 10 = 20%.
Michel parameters can be measured in two ways: in the study of the
dynamics and from the measurement of the branching fraction:
Bexp/Bsm = QuL + alrQLr + arLQrL + arrQrr + BrLBrL + ALrBLr
Analysis of 5-lepton 7 decays is being finalized at Belle.
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Tau decays with leptons at Belle 1l/Super C-Tau

@ Good potential to study precisely doubly radiative decay
7~ — {~vvyy at Belle ll/Super Charm-Tau factory.

@ Properly understand/investigate radiative corrections in T decays
with leptons, update TAUOLA generator.

@ Good potential to discover 7~ — e~ ptp~2r and
7~ — pu~ptp~ 2v at Belle 11/Super Charm-Tau factory.

@ With 7 — fvvy and 7 — £0'¢'~ vv measure full set of Michel
parameters (¢',¢", 7", o’ /A, 3’ /A in addition to p, 7, &, §) at Belle
[l/Super Charm-Tau factory.

@ Search for T symmetry violation in 7 — £¢/*¢'~vv (through T-odd
correlation terms).
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Lepton universality in the SM

ge:gp,:g‘r

B(L — £ V_EVL( 7)) gfgg E
Feorr(ML, m
) \7\/ 3 corr( L E)

Feor(ML, Mg) = f(x)(l + g%) (1 4 a(ZTrL) (? _ Trz>)

f(x) =1 —8x +8x® —x* — 12x%Inx, x = my/m_

ML~ — £ Do () =

B(p~ — e vevu(y)) =1

m3, Feorr(M,, M -
T M Feor(MusMe) 97 _ 4 1059 4 0.0015 (HFAG2017)

g - T
B(r— — v (Y §
_ \/ ( 15 i ( )) T mS chrr(mTy mp,) Je

. M2, Feor(M,, m -
T M FeorMus Me) G713 0610 4+ 0.0015 (HFAG2017)

gT -
=— = /B(t— — e Devy === s
\/ ( ¢ (’Y)) Tr mi FCOI‘I‘(m77 me) (o))

9 _ \/B(T_ = 177 (7)) FeorlMr,Me) Qu _ 4 0019 4 0.0014 (HFAG201)

Je B(T_ - e_l_’eV'r(’Y)) Fcorr(mqw mu)’ Je
20/29
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Test of lepton universality at BABAR

fLdt =467 fb~*

Selections:

@ 4-track events with zero net charge;

@ 0.1/5 < ESMS < 0.7/5, | cos(85YS)| < 0.7

@ thrust> 0.9, signal hemisphere: £/h(¢ = e, u; h = 7,K), tag hemisphere: T — nrmv;
@ signal hemisphere: EXAE < {1.0, 0.5, 0.2, 0.2} GeV for {e, u, 7, K}, respectively

extray
g Em - Ja0000 I ™ K
g 30000 NP 731102 369091 25123
% 20000 20000 Purity 97.3% 78.7% 76.6%
“ 10000 Total Efficiency 0.485% 0.324% 0.330%
2 o Particle ID Efficiency 745% 74.6% 84.6%
S - ‘“M)H\\ R —— o Systematic uncertainties:
20w | S Particle ID 032 051 094
s S Detector response 0.08 0.64 0.54
N s o0 Backgrounds 008 044 085
%s: E | : Trigger 010 010 0.0
LI Ey ] 350 7~ " modelling 0.01 0.07 0.27
o ) Radiation 0.04 0.10 0.04
F m ] 02 B(r— —a n wtv;) 0.05 0.15 0.40
i ] LI I Lorr 002 039 020
B Mgmlr‘m;s,c. Total [%] 036 10 L5

T — evw: Neel = 884426, & = (0.589 + 0.010)%, purity is (99.69 + 0.06)%
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Test of lepton universality

R, = B = 1) _ 4 9706 + 0.0016 + 0.0036
B(t — evv)

_ B(r — mv)
T B(r — ew)
B(r — Kv)

B(r — evv)

Feorr (M+, Me)
= {/Rpy=——F——= = 1.0036 == 0.0020
(gu/ge)‘f H Fcorr(m-r’ mu) +
B(r — hv,)  2mpm2m, <1 = mﬁ/mﬁ)z

B(h — pwy) (14 8p)m37r \ 1 —m2/m2

(g_,/gu>7r = 0.9856 =+ 0.0057, (g,/gM)K = 0.9827 4 0.0086

= 0.5945 + 0.0014 + 0.0061

Rk = = 0.03882 + 0.00032 + 0.00057

(gf/gu)ﬁ =

(gT/gu)h = 0.9850 % 0.0054 (2.8 away from SN)

(g’/g“>f+ﬂ+}< = 1.0000 4 0.0014 (HFAG2017)

At the Super Charm-Tau factory at the 7+ 7~ production threshold (7 is at rest) the pion
from - — 7v and kaon from = — Kv can be easily separated via their momentum
difference (of about 63 MeV). The clean sample of - — Kwv is also used to measure
precisely fk Vus.
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Hadronic 7 decays

Cabibbo-allowed decays (B ~ cos? 6c) Cabibbo-suppressed decays (B ~ sin? )
B(S = 0) = (61.85+0.11)% (PDG) B(S = —1) = (2.88 + 0.05)% (PDG)

) S=0 Gr_ ., 5 cos 6. - (hadrongq”)|35~ °(g2)|0) 2 2
. - _ . I <
'M“{s - _1} Vil SR I (hadrongg*)[35~—(a?)0) [ * = M7
v

The main tasks

@ Measurement of branching fractions with highest possible accuracy

@ Measurement of low-energy hadronic spectral functions

@ Determination of the decay mechanism (what are intermediate mesons and
their contributions)
@ Precise measurement of masses and widths of the intermediate mesons

@ Search for CP violation

@ Comparison with hadronic formfactors from et e~ experiments to check CVC
theorem

@ Measurement of [inciusive(S = 0) to determine as
@ Measurement of Minclusive(S = —1) to determine s-quark mass and Vys:

o Rstrange= Bstrange/ Be

Rstrange
[Vus| = Rnon—strange o o Rnon—strange= Bnon—strange’ Be
T vz theory
ud ) SRiheory - SU(3)-breaking contribution
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CPV in hadronic 7 decays at B factories

@ CPV has not been observed in lepton decays
@ Itis strongly suppressed in the SM (ASF, < 10~12) and observation of large CPV
in lepton sector would be clean sign of New Physics

@ 7 lepton provides unique possibility to search for CPV effects, as it is the only
lepton decaying to hadrons, so that the associated strong phases allows us to
visualize CPV in hadronic = decays.

I.CPVin 7= — 7~ Kg(> 0n%)v, at BaBar (Phys. Rev. D 85, 031102 (2012) )
Data sample of [ Ldt = 476 fb~! was analyzed

T(rt—atK2(>0m0)or)—T (7~ -7~ KI(>0m0)vr
r(r+—»7r+K°(>o7r0)uT)+r(T — = K0(>07r0)u.,. _( 0.36 £0.23+0.11)%

Acp =

2.80 deviation from the SM expectation: Acp = (40.36 +0.01)%

Il. CPVin 7= — K27~ v, at Belle ( Phys. Rev. Lett. 107, 131801 (2011) ) [Ldt=699 fh—1
Angular distributions were analyzed, Acp(W = MKSW) was measured (dw = d cos 3d cos 0):

dr__ ar_y
J cos B cos & — —d |dw
Acp(W) = — s ~ (cos Bcos ) _ — (cos[Bcos ) 4
| ( x )dw
8 [M»x;w
0.02] |- data
2 comotsampio
0.01F
+—A—7l7
.

S
[Im(ns)| < 0.026

te 1z 1416
W (GeVic?)
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CPV in 7= — Kg7~v, with polarized 7 lepton (I)

S.Y.CHol etal., PLB 437, 191 (1998).

G . - _
My = 7; sin 6c [(1 + ) (K, =)7*(2 = ¥*)u(p, 0)3, + 7l (k, —)(L +7>)u(p, U)Js]
o — = _ 2 ququ v 2\ 1
‘]u = ((KT") \S'y#u\0> = FV(q ) Juv — qz (ql - QZ) + Fs(q )q
9 2
Js = ((Km) " [8ul0) = ———-Fs(a”)
@ o = +1 - helicity of 7
mz*
) _— K ,
@ , n parametrize BSM contribution, ¢ = m (1fx>
Q 7T iML(x.€), T ML(X",EY)

If x and n are real: M4 (9;0% 0, ¢) = FM£(0; 0% 6, — )
7 is polarized in the (6p, ¢p) direction:

0, .0
10p, ¢p) = cOS = |4) +sin | —)
(©, ®|6p, ¢p) = cos %”M+ + sin %”M,

1 1
dT = —d(T44+T_ _)+P+ (— cosp d(T44—T _ _)+sinp cos (¢p—<I>)dRe1"+_—smp sin (¢p—<I>)d|m1"+_)
2 2

dar

1 1 q
, = (1——)MUM*,PKd§>3d<I>, d®y = d/q%d cos d ¢d cos
oo (27)3 32m mZ L4
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CPV in 7= — Kgm~v, with polarized T lepton (ll)

After integration on ¢ (and P, = 1):
dry _ d(Tee +7—-) dl _ d(fyy —T__) dIs —2Re<dr**) dry —2|m(dr+*>
dos dos, T ddg dds T dog dos )’ dog dds
dr; 1 .
— =—(X+4A), Li/A; —CPeverloddpart i =14
do; 2
_d(Mi+T) _d(r—Ty) _ d(r3—Ty) _ d(Ts +Ta)
T = dog P E2 = dog B = dog ) T4 = dog
_d(f, —Ty) _d(M+Ty) _ d(F3+T3) _d(Fs —T4)
A1 = do, B2 = dog »Ba = dog ) Ba = dog

CPeven: ¥; > %,,%3,%4,

CP odd: A; — P.-independent part, A, 34 — P--dependent part.
Four optimal variables to search for CPV are: w™™ = A;/¥;.
P.-independent w " was used at Belle, while 3 P,-dependent w5?,
can be additionally measured at the Super Charm-Tau factory:

WP = A1(a% ©, 0, $)Im(£)Im(FVFE),

WP, = A2:4(0% 0,0, 8)IMm(£)Im (FyFE) + B2:a(d% ©, 0, ¢) Im(£)Re(FyF3)

At the Super Charm-Tau factory CPV search doesn’t depend on FvF¢ phase.
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CPV in 7= — Kgm~v, with polarized 7 lepton (llI)

At the center-of-mass energies close to the 77~ production
threshold the 7 lepton is produced with the polarization
“3 =P 2Ebeam\/ Phoan€0S? +M2
T € Egeam+M72—+pl§eamcosze -
2 in2
((P,)7 = PgEveancos®0:4Mysin?0 - p y

V/PheanC0s? 0+M2

In case of New Physics contribution, the amplitudes for the decays
77 — (Km)"v, and 77 — (K7) T, are:

P. along electron beam polarization

A=A + Azei¢ei5, A= A + Azeii(ﬁei(S

where ¢ and ¢ are relative weak (CP-odd) and strong (CP-even)
phases. CPV is studied comparing |.A|? and |A[?, there are three
possibilities to construct CPV asymmetry:

@ decay rate asymmetry ~ siné sin ¢

@ weighted rate asymmetry ~ sin § sin ¢

@ asymmetry based on P, (px x p,) triple product ~ cos d sin ¢
At the Super Charm-Tau factory, with nonzero single T

polarization, nonzero strong-phase difference, 4, is not needed
to measure CPV.
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Search for CPV in 77 — (K7)Tv in unbinned fit

Analysis of the (77 — (K7)Tv ; 7% — p*v) events, search for CPV in
77 — (K7) v,

The analysis of the decay products of both taus allows one to
constrain direction of 7~ — 71 axis. Such a constraint is efficient

to suppress background from 77 — (Kw)*KLOVT.

do(¢*, &) o?

ey AT(EE(TT) = pF
= B+(Do + D¢ ¢™), A& ) = 7 )

dQ,  64E2 dm2_ dQzdQ,
dr(r¥(¢*) — (Km)¥v) _ (Po+nceAl) + (Bo + 77CP§1)C:* N
dmZ dQy dQ, (Ao +ncpA1) — (Bo + ncpB1)C" =
do((Km)F, p*) _ o®Br ( F +ncpg )
dm?_dQy dQ.dm2 _dQ:dG.dQ,  64EZ \ F +iced

F = DgA¢A" — DjByi BJ’, G = DoAJA" — DBy BJ’

do((Km)T, pF) _ 5 do(Km)F, pF) ' '
Aoy 7 A MG drdppdQpdm2  dOr  of 5, dmZdOF dOrdm2 | dQgdGrdQr | D(pk 1 s U P 2p)

0(9F ., 95, 97)

T)cpis extracted in the simultaneous unbinned maximum likeliho odfitofthe ((Kw)™,p")
and ((K7)™, p™) events in the 12D phase space.
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@ The world largest statistics of T leptons collected by Belle and BABAR opens
new era in the precision tests of the Standard Model, search for the effects of
New Physics and precision studies of low energy QCD.

@ Nonzero average polarization of single 7 at the Super Charm-Tau factory
provides the possibility to measure all Michel parameters without tagging the
opposite tau. In this case, for the electron beam polarization Pe > 0.5, the
statistical uncertainties of Michel parameters are smaller than the values, which
can be reached at Belle Il (with unpolarized beams). Better systematic
uncertainty can be reached due to the smaller impact of the ISR as well as
smaller number of the phase space dimensions.

@ Study of 7 — fvvy and 7 — £¢'T¢'~ vv decays allows one to measure full set of
Michel parameters (¢/, ¢, 7", o’ /A, 8’ /A in addition to p, n, &, §) at Belle 11/Super
Charm-Tau factory. Precision study of radiative and doubly radiative leptonic ~
decays is important to understand higher order corrections in = decays with
leptons for the better test of lepton universlity. Good potential to discover rare
decays with the B < 107,

@ The Super Charm-Tau factory with polarized electron beam, being a source of
taus with nonzero polarization, allows one to search for CPV regardless the value
of the hadronic phase in hadronic = decay.

@ The unbinned analysis of the reaction
ete™ — (77 — hadrons v,; 77 — £tuy,0,) or
ete”™ — (7~ — hadrons v;; 7" — pT ;) in the full miltidimensional phase
space is acute for the improved searches for the CPV in hadronic = decays.
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