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Introduction

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

Basic tau properties, like: lifetime, mass, couplings, electric dipole moment,
anomalous magnetic dipole moment and other appear as free parameters in the
SM, which should be measured experimentally as precise as possible, or provide
unique possibility to test SM and search for the effects of New Physics.

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= — £~ ypvr, 77 — £ Dy,
T — 0T v 0,6 = 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 r 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  7-factories !
B-factory experimental strategy is proved to be fruitful to search for
New Physics.
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Precision studies of 7 at e™e~ B factories

@ Michel parametersin 7 — fvv(y) (p, 1, &, 6, 7, EK):
Belle (prelim.): 7 = —1.3 £ 1.5 4+ 0.8, {k = 0.5 £ 0.4 + 0.2; arXiv:1609.08280
Belle: Measurement of p, 1, &, £ is going on; Belle-CONF-1402: arXiv:1409.4969
@ Tau lifetime:
Belle: 7, = (290.17 4 0.53(stai) == 0.33(sys}) fs; PRL 112, 031801 (2014)
BABAR(prelim.): 7. = (289.40 + 0.91(staf) £ 0.90(sysi) fs; Nucl. Phys. B 144, 105 (2005)
@ Tau mass:
Belle: m, = (1776.61 + 0.13(sta) & 0.35(sys)) MeV/c?; PRL 99, 011801 (2007)
BABAR: m, = (1776.68 = 0.12(stal) + 0.41(sys)) MeV/c?; PRD 80, 092005 (2009)
Accuracy comparable with the most precision measurements done by KEDR and BES at the = = production threshold.
@ Tau electric dipole moment (EDM):
Belle: Re(d, ) = (1.15 4 1.70) x 10~ " e-cm, Im(d.-) = (—0.83 4 0.86) x 10~ " e-cm;
PLB 551, 16 (2003) (J Ldt = 29.5 fb—1) We are working on EDM with full statistics
@ Hadronic contribution to a,, (= — 7~ 7%u,):
Belle: a7 ™ = (523.5 + 1.1(staj 4 3.7(sys)) x 10~'%; PRD 78, 072006 (2008)
@ Lepton universality:
BABAR: (&) = 1.0036 £ 0.0020, (§=), = 0.9850 = 0.0054, h=rr, K;
PRL 105, 051602 (2010)

@ Anomalous magnetic moment of = (a,):

@ Not promising in 7~ — ¢~ by, atete™ B factories: JHEP 1603, 140 (2016)
@ Technique to measure a. in ete~ — 77~ process is under discussion.
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Michel parameters

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 ALEPH T om0 ALEPH [
DELPHI 0.790+/-0.038 DELPHI 74.70 06+/-0.11
P 0.747 £0.010 £ 0.006 CLEO-97  3/4 A s .
1 20/ 0.762+/-0.035 0.27+/-0.14
(e orp) -£70 OPAL Lo OPAL <
571410033 0027410085
SID ——e—+——
0.72+/-0.09
n 0.012 4 0.026 £ 0.004 ALEPH-01 0 cLeo D N CT- R
e or 2.6% ARGUS —e ARGUS ——&———
M 0.731+/-0.031 0.03+/-0.22
p 0.75080.011 n 0,040,035
13 1.007 4 0.040 4 0.015 CLEO-97 1
0,
(e or ‘u’) 43 /0 ALEPH T 1oo0rr0076 ALEPH [*” 0.782+10051
DELPHI - DELPHI -
09740061 0.699+:0.028
&5 0.745+0.026 £0.009 CLEO-97 34 e T orovon
(e or p) 2.8% OPAL B soione OPAL U oesiios
sto 1.05+-0.35 SLo T osso27
CLEO > CLEO -+
101010043 0745410028
&h 0.992 + 0.007 + 0.008 ALEPH-01 1 ARGUS i wovs |
(all hadr.) 1.1% | S .
g 0.9884-0.029 & 0.7354-0.020
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Status of Michel parameters in 7 decays

With Belle statistics, which is about 300 times larger than the
previous experimental 77 data samples, we can improve MP
uncertainties by one order of magnitude.

In BSM models the couplings to T are expected to be larger than
those to u. Contribution from New Physics in 7 decays can be
enhanced by a factor of (m—;)z.

2
© Type Il 2HDM: ,(r) = 2= (2 ; 243 = ¥ ~ 3500
H

@ Tensor interaction:
2= ZQWW“{Dwu(l — )+ %a" (17(7“ (1 — 75)7) }
—0.096 < k% < 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
@ Heavy Majorana neutrino: M. Doi et al., Prog. Theor. Phys. 118 (2007) 1069.

(]
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Method, spin-spin correlationin 777~

To measure £ and § MP we have to know 7 spin direction. Effect of 7
spin-spin correlation in e*e~ — 7(¢*)7~(¢~) can be used:

do(¢".CH) _ a2 N

dQ 64E2 /GT(DO+D|j< C ) e e
1 . L
Do = 1 + cos2d + — sin® @ /
° V2 /R
CMS frame
1+ )sm 0 0 --sin26
Dj = 0 —#2sin?0 0
L sin2¢ 0 1+c0329—7i2sin26

7~ and 7T helicities are 95% anti-correlated
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Method, study of ({vv; pv) and (pv; pv) events

Effect of 7 spin-spin correlation is used to measure £ and 6 MP.
Events of the (rT — £Fvw; 7+ — pTv) topology are used to measure: p, 1, £,£ and

£p66, while (rF — pFu; 7+ — ptu) events are used to extract £2.

T helicity —
+ - H o
1" helicity ot (VY pY) -
e RH Y . —
V.[ Qo <
o. L 167
07 26 it result =
: . L= An=40p
T[O ""’/l_ 01z 01 008 006 004 -002 0 002 004 006 008 0.
v
do(£Fvv, ptv) 4
= Ao+ pA1 + 1Az + §p6As + £pE0As = D A6

dE;dQ;dQdm2 dQ,dQ, —

b
o do(¢F v, pE ) /2 do(¢Fvw, pT o) ' (€], F, %, 0r) ‘do
_ — = . T
dppdQ,dp,dQ,dm2. dSr s dE;andQ;;dmgmdQ,rdnT APy, s Ppr U, Or)

N
L=TIPY, P = 7@%)/N(8), N(8) = / F(D)AZ, 8 = (1, p, 1, Epbe, EpE200)
k=1

MP are extracted in the unbinned maximum likelihood fit of (¢vv; pv) events in the 9D

phase space Z = (pg, coS 0y, ¢u, Pp, COSOp, ¢p, M2, COSOr, ¢r)in CMS.
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Method, 7~ — h v, h=mx, p

J# =< h|dy*(cy + cay®)u|0 >

Michel formalism for the 7= — h~ v, includes

_ 2Re(cyca) 1 .
gh — —W = —hl,_,_( —1 In SM)
dr(rt — «¥v)
ST, N C(1+ &P, cosb,)
dr(r¥ — pTv) ~ - S L= o ~ - e
dm2_d Q,dQ: = f(ky,k2) £ &,P-g(ke, ka) = f(ky, k2)(1 ££,P-H),)
Vr
35.0)(a.0) 0% Jq
g = 2(a,Q)G+Q°K 1
Hf A GO CROIRHOX:y <, -
H,- polarimeter vector Pow™ P 1
7+ — p*(— 7t7%)v can be used as a spin K ™
I -k - k
analyzer Q - kl k2 2
K=k;+k,

10/43
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Method, helicity sensitive variable

M. Davier et. al Phys. Lett. B 306 (1993) 411. 5
Helicity sensitive variable w is introduced as: . Il

S /¢2(ﬁ o =< (Fa fis) e, - \
w—q)z_q)l o, oty Nt = ot Net) >0, :

"I 08 -06 04 02_Q 02 04 06 08 1

w=<(H p,n“’)>m‘

LH RH _ RH LH
w>?+% 9.[— /,/7 w>9 T+ /’7
- < _ preferred Plep @ 4 -

w<0 ®RH TH p\\/’TPF w<0 h RrA p+\\/no

2200 R 020.35
M [w<035 | T L‘]J‘-’L\ 03550035 = Uy, ‘
] S S I
£ = nt H .
, \ -
: o - Sl
. - “ ",
E, (GeV) E, (GeV) E, (GeV)

Spin-spin correlation manifests itself through
momentum-momentum correlations of final lepton and pions.
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Theoretical framework

@ W. Fetscher, Phys. Rev. D 42 (1990) 1544.
(F =05, 07 —h*t =€, u; h=m, K.

@ K. Tamai, Nucl. Phys. B 668 (2003) 385. (KEK Preprint 2003-14, Belle
note 471) (T — p*(— n*7°) + feasibility study.

do(¢,¢) _ _of
dQ 64E2

dr(ﬁ(f*) — (Fuv)
dx*dQj
AX) = Ag(X") + pA1L(X") + nAz(x™), B(x™) = By(x™) + 8Bz(x")

dr(==({") - p*v) , o 2
— = L =K,(A B’¢’ YW (m
a2 4948, o(A F £,B787)W(m? )

B-(Do + DjGi¢)

= me(A(X") F € CB(XY)), X* = E /Ejra

2 = 2
N =2(a,Q)0; — Q75 B = QK" +2(a,Q)3", W = [F () ? P2 P (M)

do(¢F, p*) OBy i A 2
= = kekp, ——— (DoA'A(E, ) + Diin, B B(E W (m
dE; d0;dQzdm2._ d%, 0, 4 p64E3( 0A'A(E;) + £,€eDjng B{B(E;))W (M7 )

b.
do(¢F, pt) f do(¢F, pt) o(Ef,95,95,9,)

do,

dp,dQ,dp,dQ,dm2_d$2. 7@ dE;dQ;dQrdm2, dQ.dQ, [ 8(Pe, e, Pp, Qp, D7)
1
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Multidimensional unbinned maximum likelihood fit

4 Michel parameters (é =(1, p, M, &€x&e, €pE€d0)) are extracted in the unbinned maximum
likelihood fit of (4vv; pv) events in the 9D phase space in CMS,

Z = (pe, €0S8¢, ¢o, Pp, COSB,, bp, Mrr, COS Oy, Hr). The PDF for individual k-th event is
written in the form:

p® = Fzt) , N(© )—/.7: Z)dZ
N(8)
Likelihood function for N events:

N
=[IPY, £=-mL=NInN(S Zln]-' FO = 770
k=1

4
7O = Ao, + A6, + AN, + AVe; + Ao, =S Ale,

i Al
N =Co®0 +C101 +C20; + C303 + Ca@s, Cj = P

Il
o

4

N
6M¢ = (1, 0.75, 0, 1, 0.75), —NIn(ZC@>7ZIn(ZAfk)@,>
k=1 i=0

As a result fitted statistics is represented by a set of 5 x N values of Ai(k)

(k =1+ N, i =0+ 4), which is calculated only once.
Ci (i = 0+ 4) are calculated using MC simulation.

In ideal case (no rad. corr., e = 100%): Cqg = 1, C; = 4my;/m,, C134 =0
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Suppose we have Nyc MC events, which were simulated with
particular set ©MC, By reweighting each event we can calculate
normalization for arbitrary set ©:

Nmc ). ()
5) A L 0 k) _ A O owm 0 _ _ Anm
= i i i i
. 1 Nmc ©
N(©)=Cio, C = Ng gsi
This algorithm can be easily extended to take into account se lection efficiency:

F(Z) — F(Z) = FE)e(@), N'(8) = /]—'Z (2)dZ

Nsel Nsel I
£ =NealInN'(8) — 3 In(FWe(2)) = Neailn(C/07) = > In(A*e
k=1 k=1 =il
Ny

(k)
o NMC ; i

Accuracy of the evaluation of the ~ C/ coefficients is crucial in the
precision measurement of Michel parameters.
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Physical corrections

@ Radiative correctionsto ete™ — 717~
@ All O(a®) QED and electroweak higher order corrections to
ete™ — 7777 () are included:
S. Jadach and Z. Was, Acta Phys. Polon. B 15 (1984) 1151 [Erratum-ibid. B
16 (1985) 483].
A. B. Arbuzov et al JHEP 9710 (1997) 001.
@ KKMC based approach:
We generate table of ISR photons and then use it to calculate visible
differential cross section in CMS.
@ Radiative leptonic decays 7~ — £~ Doy
@ Analytical approach based on:
A. B. Arbuzov, Phys. Lett. B 524 (2002) 99. O(«).
A. Arbuzov, A. Czarnecki and A. Gaponenko, Phys. Rev. D 65 (2002)
113006. O(a? In(FL)).
e
A. Arbuzov and K. Melnikov, Phys. Rev. D 66 (2002) 093003. O(a? In(%)).
@ TAUOLA based approach:
M. Jezabek, Comput. Phys. Commum. 70 (1992) 69.
A. Czarnecki, M. Jezabek and J. H. Kuhn, Nucl. Phys. B 351 (1991) 70.
@ Radiative correctionsto 7~ — 7 v,
@ Analytical approach based on:
F. Flores-Baez et al, Phys. Rev. Lett. D 74 (2006) 071301(R).
A. Flores-Tlalpa et al, Nucl. Phys. B (Proc. Suppl.) 169 (2007) 250.
@ PHOTOS based approach
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°) corrections to ete” — 777 (7)

0
BOX >-’-’-’-’-’.‘.‘%.‘.‘.‘::::
—~— U= — - Electroweak

Vertex corr. Vacuum polarizatio

S. Jadach and Z. Was, Acta Phys. Polon. B 15 (1984) 1151 [Erratum-ibid. B 16 (1985) 483].
A. B. Arbuzov et al JHEP 9710 (1997) 001.

Charge-odd part of the cross section comes from the interference of
the ISR and FSR diagrams as well as box and Born diagrams, and
Z%-exchange and Born diagrams.
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Initial state radiation (ISR)

V4 Muon energy spectrum for ( W'; ) events
CMS frame / 0.018f—rn
. 7V OOW:!L..,}L..,&__——QW
'['_ e~ 90014f h‘l.-“‘ } without ISR I
(] o h‘l'n 7
+ = o0.012] 1“‘1 /
e Q o
L ool Lih!.‘q:
X, E Eooc F ?':-‘L- /.
2 —beam g = iL
=" 0.006 ] ba o
0004: i‘.I'L
T[+ 0002: IH“"-
H .‘q“h‘\
CU 0.5 1 15 25 35 45 55
E, (GeV)
doyis(s) _ //1 dxy déyD(x1 )D06y) do(s(l —x)( —x2)) ‘B(PZ,%) ‘5(9;1%)'
dpydQdp,dQpdm2 dGr p TAmAHUEbY dp%d%dp/pd%dmgwdﬁ,r APy, ) 11 0(pp, Qp)

@ D(x) = x?/27th(x) - probability function for initial T to emit a v-quantum jet carrying x; »
part of e¥ energy Epeam= /5/2. 8 = 22(In = — 1), h(x) - smooth limited function.

m2
a(p!.9)) | /. } . _
a((l;'- Q!)) ‘ (i = £, p) - Jacobian of transformation from the 7+ =~ rest frame to the Belle
122
CMS.
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Detector effects

In our fit procedure the probability density function for individual event after all physical
corrections applied is:

Fs(Z|

N(S

doyis(£F, Pi)
dpnggdpdepdm%ﬂdﬁﬂ-

P (2]6) = , F5(216) = =A"(2)e

)
)
N(©) = / FVS(Z)dZ = CVSe@;, CVS = / AVS(Z)dZ

zZ = (ply COSG[, ¢l7 ppy Cosepy ¢py Mer, COSGTH ¢Tr)

For the reconstructed values Z:

By
~ N(B)

1
N(©)

Ae(@)ei, X1(8) = €Yo,

/}"’is(f\é) ‘R(Z,2)dZ =

R(Z,7) includes:
@ Track momentum resolution (£F, 7%)
@ + energy and angular resolution (7°)
@ Effect of external bremsstrahlung for e — p events

@ Beam energy spread
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Track momentum resolution

Uncertainties for the track helix parameters (d,, ¢o, ~, dz, tan)) are propagated to
the uncertainties of (px, py, pPz) providing the covariance matrix D. The resolution
function for 1 track:

R(Ap =P - P) = L et
(27)3/24/det(D)

Muon Electron
h . +
[ Entries 996549 C (e ’ p )
£ Meanx 2511 C
i s Meany 2512 7=
[ 1 RMS x 1217 C
6} RMSy 1219 6}
—~ I S F
QO 5 < 5
T 3T
Q 4 Q4
SARE L4
o o F
8 F F
Bk g0t
2 2k
1; 1
b e e S Ty e
0 6 7
GEN
PSEN (Gevic) PN (GeVic)
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~ energy and angular resolution

Angular (6, ) resolution is described by gaussian function. Energy
resolution is described by logarithmic gaussian function.

h
’ TP
r Entries 996549
C (H’ ) Meanx  1.886
U . .|Meany 1846
r 1.234
6 1.209
~
L sl
> L
Q
Qaf
B L
o Eal
o 3
N
6 7 8
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Bremsstrahlung for e — p events

Bremsstrahlung photon spectrum per unit of length (Ee >> —7):
(f;'dLE”w ~ ﬁ As a result the probability density function to emit

bremsstrahlung photon:

1
f(e, Oetectron) = (1 — p)d(e) + pH(e — Emin)il
eln (%)
E E.mi H 17°<0<150°
e= 2 emin= 200 _ 104 5 Blue : SVD2
Ee , Ee "E: ed : S
o .
p= ;In i L= dsvp .+ dvacchamber 1
1—cmin “Emin Sin Gelectron ||
Belle SVD1 sample dsvp + dvacchamber= 1.9%Xo " P
A;::,:%A
Be”e SVDZ Sample dSVD + dva(;chamber: 27%X0 “.'S, o
0" " Ceon T 7
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Selection criteria

@ Aiter the standard preselections we take events with two oppositely charged tracks, one of
them is identified as lepton (elD, 1D > 0.9) and the other one as pion (PID(w/K) > 0.4).

@ 7° candidate is reconstructed from the pair of gammas (E}*® > 80 MeV) satisfying
115 MeVic® < M., < 150 MeV/c?, PSH'S > 0.3 GeVic.
@ cos(Piep, P) < 0, c08(Piep, P_o) < 0,0.3 GeV/c> < M__o < 1.8 GeV/c?.

@ EL® <0.2Gev

resty

Detection efficiency eget ~ 12%

60000)

g

8

Neyend (50 MeVic)
g

(evv; 3mv)

20000]

10000]

Ngyend0-02
T e o A

05 1 15 2 25 3 35 4 45 5
PEMS (GeVic)

(evv; 3mv) ‘

Neyend (10 MeV/&)

0 02 04 06 08 1 12 14 16 18 077005 0.1 0.15 0.2 025 0.3 0.35 04 0.45 05
(s
M, (GeV/E EYexra (GEV)
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groun

The main background comes from ({vv; 7x°7%)(~10%), (7v; ©x°v)(~1.5%) and
tu; pTv)(~0.5%) events, it is included in the PDF analytically. The remaining background
(~2.0%) is taken into account using MC-based approach. Background from the non-7r events is

< 0.1%.
Remaining background for (x; p) events Remaining background for (e; p) events
# (¢/hyv(v); £/hyu(v) E,Iflﬁgst < 0.3GeV # (e/hiv(v)i hyv) E,I;A;,Est < 0.3GeV
1 (pvv; othey 9.3% 1 (evv; othen 13.2%
2 (pvv; evy) 0.6% 2 (evv; mwv) 7.6%
3 (uvv; prv) 0.4% 3 (evv; 3wv) 2.1%
4 (pvv; wv) 6.3% 4 (evv; mKgv) 7.0%
5 (uvv; 37v) 1.5% 5 (evv; ﬂ'K'OI/) 1.3%
6 (uvv; mKgv) 4.9% 6 (evv; Knlv) 8.5%
9
7w i y) L1% 7 (evw; 3nrOu) 8.5%
9
8 (nwvvi Km D”) 6.2% 8 (evw; m370v) 15.9%
9 (uvv; 37r7rol/) 7.0% 9 (evv; WK%KLV) 1.0%
10 (pvv; w3m-v) 10.6% 10 (evv; KnOKgv) 0.3%
9
1 (uvvi migkw) 0.7% 11 (evw; KK v) 1.2%
9
12 (uvvi KK rTw) 0.7% 12 (evw; K27Ov) 0.5%
9
13 (uvv; K2m ) 0.3% 13 (evv; nnOKgv) 3.2%
9
14 (v "KSWO v) 2:0% 14 (evv; mOK v) 17.1%
o
15 (pvv; nwa v) 11.5% 15 (evr manOr) 0.4%
9
16 (mv; 2n v) 55% 16 (evv; mwnOu) 0.3%
9
g (§V w2mv) é‘i;’ 17 (wv; w2700) 0.7%
@mv; pv) 4% 18 (pv; pv) 2.8%
19 (7270u; pv) L1% <um 96.7%
20 (Kv; pv) 4.9% = 230
21 (KV 2r00) 0.6%
22 (m lou pv) 1.1%
23 (Kmov; pv) 0.5%
24 (KK v; pv) 0.3%
sum 95.3%
rest 47%
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E6) ) By (x) B (x) B (x)
P) = — (@ =D N)—= + A3 +Aﬂ — + A — +
& ( T J 28 s (x)ax fi(ﬁs3,, 286 pf 205, (x)dx
sel
(%)
+(1 - iZN) Ng%(x)ssm(x))
- - et (pe, Q)
Ban(x) = [ 201~ 0(y))zaay)Ban (Y)Y, Brl) = 5 2B (x)
ep—u(Pes Qo)
~ et® (P, Q) —— _ Ex
B0 = T P [ (1 o)) eady B, ()Y, S) = B (0)=(x)
ep—u(Pes Qo)

X = (e, e, Poy Loy M2, )iy = (D0, Qo)
S(x) - theoretical density of signal (¢F vv, p*v) events;
B3 (X, Y) - theoretical density of background (¢¥ v, % 27°v) events;
B (X) - theoretical density of background (= F v, pTv) events;
B,(x) - theoretical density of background (pT v, pTv) events;
e(x) - detection efficiency for signal events (common multiplier );
NE(X)INSE(x) - number of the selected (remaining/signal) MC events in the
multidimensional cell around "x”. Admixture of the remaining background is (1 + 2)%.
- i-th background fraction (from MC)
e o(y)- 70 detection efficiency (tabulated from MC);

Qadd( ) = e3T(y) /ey - ratio of the ELAE cut efficiencies (tabulated from MC);

gh!P u(Pe, Qg)/sjj['D,“(p“ Q) is tabulated from MC;
)-

EXP
COI‘I‘ (X

EXP/MC efficiency correction.
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Background: 7 — 7 7m 7 v

D. M. Asner et al. [CLEO] Phys. Rev. D 61 (1999) 012002.

M= Bljf(pﬂ'o)sfwave + ﬁzj;(ﬂ/ﬁo)sfwave + BS]?(PWO)D—wave + B4jf(ﬂ/7TO)D—wave+

+ﬂ5jg(f2(1270)77)|=7wave + 56jg(f0(500)77)l=7wave + ﬂ7j#(f0(1370)77)l=7wave

dr(z¥ — «7272%)

K — = ka3 (A £ B)W
a5 dm2 dd,amz,a5, )

A =Hy + & Ho, B' = £,G1 + Gy, &, =1
W = Pr(Mx) Po(Mis, me,) Pay (M3r)
Mor Mar M,
H: = (P,J3%)(g,3)+(P,J3)(q,3")-(3,3")(P.q)
H, = ie""7°3,3;P.qs
GY =M-((9,3)3"* +(9,37)3" - (3,37)a")
Gy =iM.e?J,35q,
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JH = ﬁljf(Pﬂ'o)S—wave+ﬁ2j5(ﬂlﬂ0)5—wave+ﬁ3j§b(Pﬂ'o)waave+ﬁ4jf(P/ﬂ'o)waave'F

+ﬁ5jg(f2(1270)7f)waave + ﬁng(fO(Soo)ﬂ')waave + ﬁ7j#(f0(1370)7f)P7wave

D. Epifanov (BINP) Mini Workshop on Tau Physics CINVESTAV, Mexico, 22-23 May 2017 26/43



Calculation of B3, (X)

do(¢,¢) _
Tdo 64E2

2

BT(DO + DI]CI CJ )

dr(r¥(¢) — ¢% 5 e FBOCY). B JE
e = eA6) F €I EBOCY, X = [Eip,
AT) = Ao(x) + oA (") + mAa(x"), B(X") = By(x") + 3B(x")

dr(r¥ — nT27%)
dQ; dm2 dQ,dm2 dQ.

= Kan(H1 + €a, Hz % (€2, G1 + G, O ))W(m2 , m2 )

do(eT, 7t 27°)
dE;dQ;dQ;_dm2_df,dm2 _d,dQ,

Kekar ——= (DoA(E, )(Hy + €ay Ha)+

64E2

+B(E; )Djjng; (éa, G1j + Gy))W (M2, m5,)

[
do(eF, 7E2x0) /2 do(eF , nE2x0)
= X
= P =
dpgdfpdppdQpdm2 - dOrdp odQ o ) dEFdQFdRY dmf dO,dmZ dOrdr

X' o), Q)) ' (R} . ) ‘ ' M3, 9p, P W) 4o
. . ~
APy, ) P31+ s O7) B(pp,ﬂp,pﬂ_o,ﬂﬂ_o)
B0 = —obs(T o2 [20-c 06,02, 00200, 0. 2,0)%
=— = — 5 £,
£ dpydQydppdQ,dm2 _dfy, - w0 Fr0 7075 add A0 %70

do(¢F, nE270)

dp_0d2 o

X =
dpgdfpdppdQpdm2 - dfirdp odQ o
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Tabulated (1 — ¢ 0)esgqand

The inefficiency was tabulated in 28 bins in 7° momentum, PSS, and

20 bins in cos gSHS.

Efficiency on Ey

LAB
rest

cut

efficiency

0.55

R

E f/";_,l

EA

E 6 ﬁ ® Al

E (" p)
E A (e.p)
E + Wp)
E W, pY)

EVS,, cut (GeV)
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Formulation of the total PDF

Likelihood per event, ¢—p+ ¢ — 3w

S(k) — A(k) —|—A(k)p—|—A(k)’l7 —|—A(k)£p£ —|—A(k)£p€5
Bg;) = B( ot B 3m, 1P+ B37'r 2N+ Bsw 6o + Bsw 8080
AL 1 Al AWp + AL AP &5
<(1 Z)\ )Zsig 0 + 1P+ 5 N+ Ay 6l + 4fpf+

MC
& AD+AD oA n4ADe, e+nle 68
NEE & A0 A0 .0.754A0.0.0+AD . 1.0+A1-0.75

B:(‘hr 0 + B37r lp + BSTI’ 277 + Bi(’ﬂr 3§P§ + B37r 4£P§5 )

N g0 g0 a0 g B 5
3,01 Ban, 1P Bar 21t 3w,3§ﬁ5+ 3w,45ﬁ‘5

NMC 50 10 50 10 10
Neer i1 BBW,O+837r,10'75+837r,20'0+837r,31'0+837r,40'75

+)\37rz3'r

Absolute normalizations, Zsiy and Zs,., are calculated using huge samples of
the MC generated events.
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Background: (7%, 7=

In the (7T, 7*7%) events the direction of 7 axis is determined with the
two-fold ambiguity.

do(l, & :
do(¢,¢) _ @ Br(Do + DjGi¢/)

dQ =~ 64E2
dr(r¥($*) — ntv) =
ST TE—— P (R )
dr(r*(") — p*v) ' e B YW (2
= = kp(A F EB/C )W (M)
dm2  dQxdQn o
’ * 24% Q7 217 * S * 2 ZPP(mErTr)ﬁﬂ'(mgrw)
A"=2(q,Q)Q;—Q°dg, B’ = Q°K*+2(q,Q)Q*, W = |Fr(m% )| ——"FT———""=
M‘rm7r7r
do(xF, pT) 2B, 7
2 4 = finkp——r (DA’ — D;in*.B/), =i
dQ:dQ:dm2, dd.dQ, p64Eg( 0A" = EpénDyNTBy), €t
B (x) = do(nT, pt) . do(n ¥, pT) (25, Q5,2r)
T dprdQ,dp,dQ,dm2_df, oo, 40:dQ5dm2 dQdQ. | O(Px, s Py, Q)
Efficiency ratio e (x)/e(x) = ex— . (p%, 05®) /2, . (pF®, 05°®) was tabulated from MC as a

function of (p5*8, 94*B) and used to get for each event:

LAB ,LAB
ex—u(Pe ,07)

LAB LAB) Bx(x)
¢ %

Br(x) = -
ep—pn(P
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Description of the remaining background

D. Schmidt et al., Nucl. Instr. and Meth. A328 (1993) 547.

PDF for the remaining background

N (%) /Vi NS (xi)/ Vi NZ"(xi)/Vi
Pother (Xi) = %v Psig(Xi) = %7 S(xi) = %
other sig Nsig

= NG TOTNG'(x) 1= 5 X Nofer () g

€ _ sig sig Pth (X) _
E(Xi) Nssizl(xi) Ngign o 5(Xi) e >\other Nssizl(xi)

MC statistics we have is not enough to tabulate PDF for the remaining background in 9D with
sufficient accuracy. Therefore we determine PDF in the reduced phase space in such a way that
the main correlations are still taken into account.

‘ﬁl’ C"MWT% ﬁp) (M c%s’ém &gn)

(Pe,cos6,) (Pp,COSG;) (vami—w) - (CosYep, Apep)
(Pe,c0S %y, Pp) @ () ® ) PP ®(<pp,ww)®7p(coswp)
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Validation of the fitter (dominant background)

For each configuration 5M MC sample is fitted. The other, statistically
independent, 5M MC sample was used to calculate normalization.

(eTwv;p~v)
p = 07517 £ 0.0010
n = 0o - fixed
I3 = 10092 £+ 0.0043
&6 = 07538 + 0.0027

H - H

0.0027
0.0101
0.0050
0.0033

eventd(50 MeV/c)

Entries 6749163

Mean
RMS

2007
1054

o (evv; 3v)

[ L
05 1 15 2 25 3 35 4 45 5 6.

PEMS (GeVic)
0.061 Graph
X2/ ndf 93.17/100

0

3.5786-05 2 0.0005523

|
2 25
PEVS (Ge

3 35
V/c)

evend(50 MeVic)

35 4 45 5 55

e

Erwes osaaeet
Mean 28
s 101

721198
0.0002153 + 0.0005606
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Validation of the fitter (full sample)

Simultaneous fit of MC (e*wvv; pTv), (u*vy; pTv) events

p Michel par. for All events n Michel par. for All events

E T ® omsema F T ® onysemar
0.754 1~ + Signal +3m E + Signal +3m
£ Signal + 3+ 002 Signal + 3+
0.753{ W Al £ oAl
El—smuaue fl=—smuaue
E o
o E
£ [ T
075 0.
[« . [y
0.
B 4 o
o
E o+
0748 o~
£ 0.1 1
0.747 i i i [ i I
01 015 02 025 03 01 015 02 025 03
LAB LAB
EVS, clt (GeV) EVS, clt (GeV)
& Michel par. for All events £ Michel par. for All events
1.006f—] ® Ony signal E T ® owsem
E | + sinai+an 0761 4 signal+3m
1.004f- Signal + 3+ £ Signal + 3+
Elma 0758 m an
1,002 == smvaie 0756 L= SMale
E 1 I —" E A
e 0.754f e
E 4 - ——— e
0998 g VO 0.752F
W 00060 %) N 4
E g 075k
st 8 L — o.748f
0.992F N PN e S —
. S
0 0.744)
0.988E 0.742E
01 015 02 025 03 0.1 015 0.2 025 03
LAB LAB
EVS, clt (GeV) EVS, clt (GeV)

All parameters agree with their SM expectations within syst ematic
uncertainties ( p(0.3%), 1(0.8%), £(0.5%), £6(0.4%))
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Impact of the accuracy of the normalization (1)

p Michel par. for (e, p*) events

0.1 015 02 025 03
LB
E} exta CUL (GEV)

€3 Michel par. for (e, p*) events

0.76[=

101 0.755—
1.005F
o.
) —
Y lovs — I
o
0 [ w— i
E ! . F
0.99F 0.74f ?
0.85) ! 4 1L
£ 0.735F
o £
01 015 5 03 01 015

A8 0.2 0. A8 0.2 0.
BV, cut (Gev) BV, cut (Gev)

In the fit of (e*vv; pTr) events the systematic uncertainties due to
the normalization are: p(0.11%), £(0.53%), £6(0.33%).
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Impact of the accuracy of the normalization (I1)

p Michel par. for (1, p*) events. n Michel par. for (1, p*) events

0.08F~
0,061~
R 0.04 e )
0.
MR o
a® =4 1
o il
E 3 Iy I o
074k -0.02f~
0.735F -0.04
07 i 008
o1 015 02 025 03 01 015 02 025 03
LAB LAB
B2, Ut (GeV) E, cut (GeV)
& Michel par. for (1 , p*) events &3 Michel par. for (4 , p*) events
FTYS
Loif- 5
]
— s
T 0.
[ el £
MW, M 0.76F ]
F onssk 7
. £
o B
3 S By
[ o745 S
0.97|- E
01 015 02 025 03 01 015 02 025 03
LAB LAB
ES,, cut (GeV) EVe,, cut (Gev)

In the fit of (u*vv; pTr) events the systematic uncertainties due to
the normalization are: p(0.76%), 1(3.0%), £(0.84%), £6(0.59%) !
Only half of all available MC statistics was used to evaluate
normalization coefficients.

D. Epifanov (BINP) Mini Workshop on Tau Physics CINVESTAV, Mexico, 22-23 May 2017

35/43



Remaining background in  (evv; pv)

The remaining background in the (evv; pv) events is populated
mainly by 18 different + decay modes (see backup slides)

p Michel par. for (", p) events & Michel par. for (", p) events £3 Michel par. for (e, p) events
o 1
o
o 1
3 | 1 1 SM o
SO AERENE S ARATTRRIRAEI 2,
IR RRRRESRARARRANN
t
3
o A =
SNV ot M
o
FERN TR FERNS TR FERN TR
# background mode # background mode # background mode
p Michel par. for (¢, p") events £ Michel par. for (¢, p') events £5 Michel par. for (¢, p') events
o ) o
3
1 o
] ot . N
3 A 1V
v o0
Qo v (53
3 o
o o
o 0.
o
1 14 L 1 14 o 1 14
#background mode #background mode #background mode

Switching off each mode, one by one, in the fitted MC sample we
(conservatively) tested the impact of the MC description of all modes
on Michel parameters (< 0.2%).
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Remaining background in  (uvv; pv)

The remaining background in the (uvv; pr) events is populated
mainly by 24 different + decay modes (see backup slides)

p Michel par. for (u°, p) events n Michel par. for (4, p) events
I Lt
TR bttt | = et Tl DL o
o ] | (IR N I
SIS ilius
) S |
# background mode ’ # b‘ackground mode
& Michel par. for (4, p) events &5 Michel par. for (', p) events
ol 100
N\ ISV
#background mode ’ # blackground mode

Switching off each mode, one by one, in the fitted MC sample we
(conservatively) tested the impact of the MC description of all modes
on Michel parameters (< 0.5%).
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We found that the EXP/MC trigger efficiency correction, Ruyg, is the dominant
one. Two independent subtriggers (energy trigger and track trigger) are used
to evaluate it.

= 0 E
pv) samplel |} E E
il 3 1.0 E
& HattHnT | 3 1 9% Lol E
i E 9] LTHTR] E
gg R ) 11y j =g 1] E
3 ST ] E
a eTRdr 70.75756 P E So E
5 Prob 0.0886 3 wE X2/ ndf 6222158 E
w PO 0.8195 + 0.02345 3 w Prob 03284 E
1 pL -0.04571+ 0.03367 E| 1l po 0.5042 + 0.1581 E
o 2 0.1782:+ 0.02815 3 x pL 0.5684 +0.3535 E
3 002682 + 0.001994 3 p2 0.05718 + 0.006313 E
P 0 0 E E
b5 0se: o E p3 0.0005679 + 0.001591 =
6 115+ 0 3 045+ 0 E
p7 4x 0 E pS 15+ 0 E
0.45% Il Il I I I i I | L L L L L L L
0051152253354 455556 657 7! 005115225 3354455556 6577
P (GeVic) P (GeVic)
1.05 = = 3
vy, L .) E LOT ” )
o o e I E vy v)
o e [ "
[ [ernd 2906/56 | | | E 0. .{f XThar 5241754 ]
gg08 Pad Prob 07328 1 2=, & Prob . 211l
w o ) 0.4355 + 0.1379 E Ew: = 1 PO -1.554 +0.003527 m
g ’ pL 0484  0.1669 1 X o p1 5.398. 0.003725
oy +0. 1 & 07 | p2 -2.978 = 0.003929
ugso p2 -0.09705 + 0.08965 3 %5 2 0.73 p3 -0.1024 + 0.03467
o 0.7F p3 2.607 +0.3075 = W p4 1.201+ 0008441
p4 -0.8995 + 0.1119 E o ps -0.4038 + 0.003362
x o 5 0.05032 + 0.004113 1 o od e 001236 £ 00007519
E . P . E 587
ps -0.006563  0.0006043 E p8 -0.01057 £ 0.0004355
- p7 085+ 0 E po +
0. 8 105 0 E p10 105: 0
p9 1s5: o |Sample 13 p11 1= o | Sample 2
0.p° [T T A T R IE 0.55 B s 0 i i
0 1152 253354455556 657 115225 3354455556 657 7.
P, (Gevic) P, (GeVic)
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Trigger EXP/MC efficiency corrections (lI)

Rug varies in the 9D phase space, appropriate parametrization is
needed. We use a set of 2D-maps to approximate Ryyg.

(e", p) MC events

2:D correlation cosy, vs. 4,) in (1, p) MC events 2D - correlation ¢, v for (', p)

Still, we have notable Ryg-related systematic uncertainty:
€, §6 (~ 3%), n (~ 2%), p (~ 1%).
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ID efficiency corrections

1.0% E 1.02- e
1; s o ¥ f ?' 1 1 4 } = 1.002
0.9 —$ { s 0.98 =g ﬁ/{ t ]
0.0 } : R e 1
22 oof X2 ndf 0sot6/6 | 99 oo =
I Prob [ E X/ ndf 252415 | 3
o, 09% ) 09348+0.01058 |{ %o F rooe 008065 06105% | 3
s oo pl 0.03467+0.007821 | Wo 0.9 pL 00167 0.01703 |
0.8 F p2 -0.03645 +0.01081 | § 0.8 F p2 0.02198 + 0.006707 |
F p3 0.05521+0.01475 | “F 3 -0.08046 + 0.02131 | §
.86 p4 175+ 0 |4 .86 P‘; 001918 +0.006262 |
°f . e s 0[] oof v = eE
THEL P Sa‘mpl‘e 1 ‘ p6 —Y E N CEREPY s‘am le o am: o]
0 8‘0 05 1 15 2 25 3 35 4 45 5 ¢t 0 8‘0 05 1 15 2 25 3 35 4 45 5 5
P, (GeV/c) P, (GeVic)
0 S —— 5 1.04 it =
Lof (' P) SVD-1 ] Lok (P SVD-2 E
F | ] 100 1 t 4 995:
1 3 E
E 7ﬁ 1 0.9 =
0.0d 1 *J— 1 —;—*/f 1 o I E
oo 0.9 T T T 1 1 oo 0.9¢ 4 E
33 F j 1 33004 ¥ ‘“* E
X 09§ 1 ¥ o E
%a N3 XZrn 0325874 | ] 2n 0.9 X2 T ndr 0.269474 |
W= 0.94 Prob 0.9881 [ W3 oo Prob 0.9917 |
w = '/ po 0.7579+0.2116 | J wo ¥ po 0.8447 +0.06088 | J
0.9 { p1 02661+ 0.3328 | 0.88 pl 0.1513 + 0.06782
0929t Eg D;}%B;g?;&;gg B 0.8¢— Dg -0.03707 +0.01819
. - +0, ] 3 p -0.2905 + 0.1429
o p4 0.008487 +0.005967 | | g;’ E p4 0.04011+ 0.0195
O B .84 275+
L L L L L L L m E L L L L . L
05 1 15 2 25 3 35 4 45 5 ¢ 0 05 1 15 2 25 3 35 4 45 5 §
P, (GeVlc) P, (GeVic)

In the extraction of the experimental efficiency correction s it is important to use appropriate
approximation near the kinematical boundaries, where the s tatistics is small. And the

accuracy of the correction induces notable systematic unce rtainty of Michel parameters.
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Fit of the experimental data, (¢{Tvv;pv)

f.’#‘*’ e pv)] b [ww; pv)]
B ; N, 3
= [=} F -
g &b | N
E [e'vv ;3w \" [ A "\\
3 %J Z 1000
= r other £ #\(u'\/v T3m) + (T o) —
i) N 3 | e
P AR Y e .
05 1 15 ZEC""ZSIS(G;JV)SS 2 45 5 5 08 s ZECMZSS(GeSV) 54 s st
g. TRV pv 1
2 ook o |
- il oo | —_
0 | o oo 1, Frdi ]
o " i) &8 It gL sl
g i i T ]
Soor iR 510 f i
2o, | o
2 -0
0. 0. I
-0.1 05 175 225 355 445 5 55
05 1 15 2 25 3 35 4 45 5 55 ESMS (Gev)
ESVS (Gev) "
EG<-0.35
WE=0iso M, [(e'v; pv) Huwy; pv)| ™
s ) < KV, p C
s 4 " g \
E 8 X
c“ 4 g vV, B1V) + (v, pv) \
Z (ev; )+\( Tpv) other = ! { (v, pv)  other |
N— \
fo——_ | MW N )
05 1 15 2 25 3 35 4 45 5 ¢ 05 1 15 2 25 3 35 4 45 5 5
ES*S (Gev) ESYS (GeV)

Experimental data sample of 485 fb—1 (446 x108 7*7~) was analyzed
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Systematic uncertainties

Source A(p).% A% AE,6.% A(,E0) %

Physical corrections

ISR+O(a®) 0.10 0.30 0.20 0.15

T — vy 0.03 0.10 0.09 0.08

T — pv7y 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. 0.29 0.95 0.38 0.38
Rug ~1T ~2 ~3 ~3

We are working on the various EXP/MC efficiency corrections
(trigger, /1D, track rec., 7° rec.).
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@ The procedure to measure 4 Michel parameters (MP) (p, , &, £9)
in leptonic T decays at B factory has been developed and tested.
It is based on the analysis of the (¢Tvv; p*v), £ = e, u events
and utilizes spin-spin correlation of tau leptons.

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

@ The main background components ((¢vv; ©27°), (tv; pv),
(pv; pv)) are described analytically in the fitter, the remaining
background (with the fraction of about 2.0%) is described with
help of the MC-based method. We reached acceptable
description of the backgrounds in the PDF.

@ Various EXP/MC efficiency corrections provide the dominant
contribution to the systemtic uncertainties of MP now. We are
working on the trigger, /ID, track rec., 7° rec. efficiency
corrections.

@ The analysis is going on.
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