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Introduction

The world largest statistics of τ 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 τ 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: τ− → ℓ−ν̄ℓντ , τ− → ℓ−ν̄ℓντ γ,
τ− → ℓ−ℓ′+ℓ′−ν̄ℓντ ; ℓ, ℓ′ = e, µ. 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 τ offer unique tools for the precision study of low energy
QCD.
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Introduction: e+e− B factories

σ(bb̄) = 1.05 nb Nbb̄ = 1.2 × 109

σ(cc̄) = 1.3 nb Ncc̄ = 2.0 × 109

σ(ττ) = 0.9 nb Nττ = 1.4 × 109

BABAR detector

B-factories are also charm- and τ -factories !
B-factory experimental strategy is proved to be fruitful to search for

New Physics.
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Precision studies of τ at e+e− B factories

Michel parameters in τ → ℓνν(γ) (ρ, η, ξ, δ, η̄, ξκ):

Belle (prelim.): η̄ = −1.3 ± 1.5 ± 0.8, ξκ = 0.5 ± 0.4 ± 0.2; arXiv:1609.08280

Belle : Measurement of ρ, η, ξ, ξδ is going on; Belle-CONF-1402: arXiv:1409.4969

Tau lifetime:
Belle : ττ = (290.17 ± 0.53(stat) ± 0.33(syst)) fs; PRL 112, 031801 (2014)
BABAR(prelim.): ττ = (289.40 ± 0.91(stat) ± 0.90(syst)) fs; Nucl. Phys. B 144, 105 (2005)

Tau mass:
Belle : mτ = (1776.61 ± 0.13(stat) ± 0.35(syst)) MeV/c2 ; PRL 99, 011801 (2007)
BABAR: mτ = (1776.68 ± 0.12(stat) ± 0.41(syst)) MeV/c2 ; PRD 80, 092005 (2009)
Accuracy comparable with the most precision measurements done by KEDR and BES at the τ+τ− production threshold.

Tau electric dipole moment (EDM):
Belle : Re(dτ ) = (1.15 ± 1.70) × 10−17 e·cm, Im(dτ ) = (−0.83 ± 0.86) × 10−17 e·cm;
PLB 551, 16 (2003) (

R

Ldt = 29.5 fb−1) We are working on EDM with full statistics

Hadronic contribution to aµ (τ− → π−π0ντ ):
Belle : aππ

µ = (523.5 ± 1.1(stat) ± 3.7(syst)) × 10−10 ; PRD 78, 072006 (2008)

Lepton universality:
BABAR:

` gµ
ge

´

τ
= 1.0036 ± 0.0020,

` gτ
gµ

´

h
= 0.9850 ± 0.0054, h=π, K;

PRL 105, 051602 (2010)

Anomalous magnetic moment of τ (aτ ):

Not promising in τ− → ℓ−ν̄ℓντγ at e+e− B factories: JHEP 1603, 140 (2016)

Technique to measure aτ in e+e− → τ+τ− 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. τ− → ℓ−ν̄ℓντ (ℓ = e, µ) decays provide clean laboratory
to probe electroweak couplings.
The most general, Lorentz invariant four-lepton interaction matrix element:

M =
4G√

2

X

N=S,V ,T
i,j=L,R

gN
ij

»

ūi (l
−)ΓN vn(ν̄l)

–»

ūm(ντ )ΓNuj (τ
−)

–

,

ΓS = 1, ΓV = γµ, ΓT =
i

2
√

2
(γµγν − γνγµ)

Ten couplings gN
ij , in the SM the only non-zero constant is gV

LL = 1

Four bilinear combinations of gN
ij , which are called as Michel parameters (MP): ρ, η, ξ

and δ appear in the energy spectrum of the outgoing lepton:

dΓ(τ∓)

dΩdx
=

4G2
F Mτ E4

max

(2π)4

q

x2 − x2
0

„

x(1 − x) +
2

9
ρ(4x2 − 3x − x2

0 ) + ηx0(1 − x)

∓1

3
Pτ cosθℓξ

q

x2 − x2
0

»

1 − x +
2

3
δ

`

4x − 4 +
q

1 − x2
0

´

–«

, x =
Eℓ

Emax
, x0 =

mℓ

Emax

In the SM: ρ = 3
4 , η = 0, ξ = 1, δ = 3

4
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Status of Michel parameters in τ decays

Michel par. Measured value Experiment SM value

ρ 0.747 ± 0.010 ± 0.006 CLEO-97 3/4
(e or µ) 1.2%

η 0.012 ± 0.026 ± 0.004 ALEPH-01 0
(e or µ) 2.6%

ξ 1.007 ± 0.040 ± 0.015 CLEO-97 1
(e or µ) 4.3%

ξδ 0.745 ± 0.026 ± 0.009 CLEO-97 3/4
(e or µ) 2.8%

ξh 0.992 ± 0.007 ± 0.008 ALEPH-01 1
(all hadr.) 1.1%

ARGUS
0.731+/-0.031

CLEO
0.747+/-0.012

SLD
0.72+/-0.09

OPAL
0.781+/-0.033

L3
0.762+/-0.035

DELPHI
0.790+/-0.038

ALEPH
0.752+/-0.019

0.750+/-0.011ρ

ARGUS
0.03+/-0.22

CLEO
0.015+/-0.087

OPAL
0.027+/-0.055

L3
0.27+/-0.14

DELPHI
0.06+/-0.11

ALEPH
0.086+/-0.078

0.048+/-0.035η

ARGUS
1.03+/-0.11

CLEO
1.010+/-0.043

SLD
1.05+/-0.35

OPAL
0.98+/-0.24

L3
0.70+/-0.16

DELPHI
0.974+/-0.061

ALEPH
1.000+/-0.076

0.988+/-0.029ξ

ARGUS
0.63+/-0.09

CLEO
0.745+/-0.028

SLD
0.88+/-0.27

OPAL
0.65+/-0.16

L3
0.70+/-0.11

DELPHI
0.699+/-0.028

ALEPH
0.782+/-0.051

0.735+/-0.020ξδ
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Status of Michel parameters in τ decays

With Belle statistics, which is about 300 times larger than the
previous experimental ττ data samples, we can improve MP
uncertainties by one order of magnitude.
In BSM models the couplings to τ are expected to be larger than
those to µ. Contribution from New Physics in τ decays can be
enhanced by a factor of (mτ

mµ
)2.

Type II 2HDM: ηµ(τ) =
mµMτ

2

(

tan2β
M2

H±

)2

; ηµ(τ )
ηe(µ) = Mτ

me
≈ 3500

Tensor interaction:
L = g

2
√

2
W µ



ν̄γµ(1 − γ5)τ +
κW

τ
2mτ

∂ν

„

ν̄σµ nu(1 − γ5)τ

«ff

,

−0.096 < κW
τ < 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 correlation in τ+τ−

To measure ξ and δ MP we have to know τ spin direction. Effect of τ

spin-spin correlation in e+e− → τ+(~ζ+)τ−(~ζ−) can be used:

dσ(~ζ−, ~ζ+)

dΩ
=

α2

64E2
τ

βτ (D0+Dijζ
−
i ζ+

j )

D0 = 1 + cos2θ +
1
γ2
τ

sin2
θ

CMS frame

e− e+τ−

τ+

θ

R

R

L

L

Dij =







(1 + 1
γ2

τ
) sin2

θ 0 1
γτ

sin 2θ

0 −β2
τ sin2

θ 0
1
γτ

sin 2θ 0 1 + cos2 θ − 1
γ2

τ
sin2

θ







τ− and τ+ helicities are 95% anti-correlated
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Method, study of (ℓνν; ρν) and (ρν; ρν) events
Effect of τ spin-spin correlation is used to measure ξ and δ MP.
Events of the (τ∓ → ℓ∓νν; τ± → ρ±ν) topology are used to measure: ρ, η, ξρξ and
ξρξδ, while (τ∓ → ρ∓ν; τ± → ρ±ν) events are used to extract ξ2

ρ.

Φ
Φ1

2

ρ+
ψ

χα τ−

τ+

µ−

ντ

νµ
−

ντ
−

ρ+π+

π0
ξρ

ξHρpτ+( )

τ+ helicity
τ helicity

L

R

−

LH

H

H

RH

η
-0.12 -0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

ρ

0.72

0.73

0.74

0.75

0.76

0.77

0.78

)ν-ρ; νν+µ(

MC

σ1

σ2

σ3

Fit result ρ∆ 4≈ η∆

dσ(ℓ∓νν, ρ±ν)

dE∗
ℓ dΩ∗

ℓ dΩ∗
ρdm2

ππdΩ̃πdΩτ

= A0 + ρA1 + ηA2 + ξρξA3 + ξρξδA4 =

4
X

i=0

AiΘi

F(~z) =
dσ(ℓ∓νν, ρ±ν)

dpℓdΩℓdpρdΩρdm2
ππdΩ̃π

=

Φ2
Z

Φ1

dσ(ℓ∓νν, ρ±ν)

dE∗
ℓ

dΩ∗
ℓ

dΩ∗
ρdm2

ππdΩ̃πdΩτ

˛

˛

˛

˛

∂(E∗
ℓ

, Ω∗
ℓ

, Ω∗
ρ, Ωτ )

∂(pℓ, Ωℓ, pρ, Ωρ, Φτ )

˛

˛

˛

˛

dΦτ

L =

N
Y

k=1

P(k), P(k) = F(~z(k))/N (~Θ), N (~Θ) =

Z

F(~z)d~z, ~Θ = (1, ρ, η, ξρξℓ, ξρξℓδℓ)

MP are extracted in the unbinned maximum likelihood fit of (ℓνν; ρν) events in the 9D

phase space ~z = (pℓ, cos θℓ, φℓ, pρ, cos θρ, φρ, m2
ππ , cos θ̃π, φ̃π) in CMS.
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Method, τ− → h−ντ , h = π, ρ

Jµ =< h|d̄γµ(cV + cAγ5)u|0 >

Michel formalism for the τ− → h−ντ includes
ξh = − 2Re(c∗

V cA)

|cV |2+|cA|2 = −hντ ( =1 in SM):

dΓ(τ∓ → π∓ν)

dΩπ
= C

(

1 ± ξπPτ cos θπ
)

dΓ(τ∓ → ρ∓ν)

dm2
ππdΩρdΩ∗

π

= f (~k1, ~k2) ± ξρ~Pτ~g(~k1, ~k2) = f (~k1, ~k2)(1 ± ξρ~Pτ ~Hρ)

~Hρ = Mτ
2(q,Q)~Q+Q2~K

2(p,Q)(q,Q)−Q2(p,q)

~Hρ- polarimeter vector
τ± → ρ±(→ π±π0)ν can be used as a spin
analyzer

τ−

ντ

W− ρ− π−

π0

p

q

k 1

k2

1

K

2K = k  + k
1Q = k  − k2
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Method, helicity sensitive variable ω

M. Davier et. al Phys. Lett. B 306 (1993) 411.

Helicity sensitive variable ω is introduced as:

ω =
1

Φ2 − Φ1

Z Φ2

Φ1

(~Hρ± ,~nτ±)dΦ =< (~Hρ± ,~nτ±) >Φτ

τΦ
)>τn,ρH=<(ω
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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.
ℓ∓1 − ℓ±2 , ℓ∓ − h±, ℓ = e, µ; h = π, K .

K. Tamai, Nucl. Phys. B 668 (2003) 385. (KEK Preprint 2003-14, Belle
note 471) ℓ∓ − ρ±(→ π±π0) + feasibility study.

dσ(~ζ, ~ζ′)

dΩ
=

α2

64E2
τ

βτ (D0 + Dijζiζ
′
j )

dΓ(τ∓(~ζ∗) → ℓ∓νν)

dx∗dΩ∗
ℓ

= κℓ(A(x∗) ∓ ξ~n∗
ℓ
~ζ∗B(x∗)), x∗ = E∗

ℓ /E∗
ℓmax

A(x∗
) = A0(x

∗
) + ρA1(x

∗
) + ηA2(x

∗
), B(x∗

) = B1(x
∗
) + δB2(x

∗
)

dΓ(τ±(~ζ′
∗
) → ρ±ν)

dm2
ππdΩ∗

ρdΩ̃π

= κρ(A′ ∓ ξρ
~B′ ~ζ′

∗
)W (m2

ππ)

A′ = 2(q,Q)Q∗
0 − Q2q∗

0 ,
~B′ = Q2~K∗ + 2(q,Q)~Q∗, W = |Fπ(m2

ππ)|2 pρ(m2
ππ)p̃π(m2

ππ)

Mτ mππ

dσ(ℓ∓, ρ±)

dE∗
ℓ dΩ∗

ℓ dΩ∗
ρdm2

ππdΩ̃πdΩτ

= κℓκρ
α2βτ

64E2
τ

`

D0A′A(E∗
ℓ ) + ξρξℓDij n

∗
ℓi B

′
j B(E∗

ℓ )
´

W (m2
ππ)

dσ(ℓ∓, ρ±)

dpℓdΩℓdpρdΩρdm2
ππdΩ̃π

=

Φ2
Z

Φ1

dσ(ℓ∓, ρ±)

dE∗
ℓ dΩ∗

ℓ dΩ∗
ρdm2

ππdΩ̃πdΩτ

˛

˛

˛

˛

∂(E∗
ℓ ,Ω

∗
ℓ ,Ω

∗
ρ,Ωτ )

∂(pℓ,Ωℓ, pρ,Ωρ,Φτ )

˛

˛

˛

˛

dΦτ
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Multidimensional unbinned maximum likelihood fit
4 Michel parameters (~Θ = (1, ρ, η, ξρξℓ, ξρξℓδℓ)) are extracted in the unbinned maximum
likelihood fit of (ℓνν; ρν) events in the 9D phase space in CMS,
~z = (pℓ, cos θℓ, φℓ, pρ, cos θρ, φρ, mππ , cos θ̃π, φ̃π). The PDF for individual k-th event is
written in the form:

P(k) =
F(~z(k))

N (~Θ)
, N (~Θ) =

Z

F(~z)d~z

Likelihood function for N events:

L =

N
Y

k=1

P(k), L = − ln L = N ln N (~Θ) −
N

X

k=1

ln F (k), F (k) = F(~z(k))

F (k) = A(k)
0 Θ0 + A(k)

1 Θ1 + A(k)
2 Θ2 + A(k)

3 Θ3 + A(k)
4 Θ4 =

4
X

i=0

A(k)
i Θi

N = C0Θ0 + C1Θ1 + C2Θ2 + C3Θ3 + C4Θ4, Cj =
1

N

N
X

k=1

C(k)
j , C(k)

j =
A(k)

j

4
P

i=0
A(k)

i ΘMC
i

~ΘMC = (1, 0.75, 0, 1, 0.75), L = N ln
„ 4

X

j=0

CjΘj

«

−
N

X

k=1

ln
„ 4

X

i=0

A(k)
i Θi

«

As a result fitted statistics is represented by a set of 5 × N values of A(k)
i

(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., ε = 100%): C0 = 1, C2 = 4mℓ/mτ , C1,3,4 = 0
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Suppose we have NMC MC events, which were simulated with
particular set ~ΘMC. By reweighting each event we can calculate
normalization for arbitrary set ~Θ:

N (~Θ) ≈
1

NMC

NMC
X

k=1

w (k), w (k) =
A(k)

i Θi

A(k)
j ΘMC

j

= B(k)
m Θm, B(k)

m =
A(k)

m

A(k)
j ΘMC

j

N (~Θ) = CiΘi , Ci =
1

NMC

NMC
X

k=1

B(k)
i

This algorithm can be easily extended to take into account se lection efficiency:

F(~z) → F
′(~z) = F(~z)ǫ(~z), N

′(~Θ) =

Z

F(~z)ǫ(~z)d~z

L = Nsel lnN ′(~Θ) −
Nsel
X

k=1

ln(F (k)ǫ(~z)) = Nsel ln(C′
i Θi ) −

Nsel
X

k=1

ln(A(k)
i Θi) −

�
�

�
�Z

Z
Z

Z

Nsel
X

k=1

ln ǫ(~z)

C′
i =

1

NMC

Nsel
MC

X

k=1

B(k)
i

Accuracy of the evaluation of the C′
i coefficients is crucial in the

precision measurement of Michel parameters.
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Physical corrections

Radiative corrections to e+e−
→ τ+τ−

All O(α3) QED and electroweak higher order corrections to
e+e− → τ+τ−(γ) 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 τ−
→ ℓ−ν̄ℓντγ

Analytical approach based on:
A. B. Arbuzov, Phys. Lett. B 524 (2002) 99. O(α).
A. Arbuzov, A. Czarnecki and A. Gaponenko, Phys. Rev. D 65 (2002)
113006. O(α2 ln2(

mµ

me
)).

A. Arbuzov and K. Melnikov, Phys. Rev. D 66 (2002) 093003. O(α2 ln(
mµ

me
)).

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 corrections to τ−
→ π−π0ντ

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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O(α3) corrections to e+e− → τ+τ−(γ)

������
������
������
������
������
������
������
������
������
������

������
������
������
������
������
������
������
������
������
������

Box

FSRBorn ISR

Electroweak

Z0

Vacuum polarizationVertex corr.

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 0-exchange and Born diagrams.
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Initial state radiation (ISR)

e− e+

e−

ν
ν

ρ+

π

π0

ν

−τ

τ+

beamEx1

2x Ebeam

CMS frame

+

 (GeV)µE
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

/(
50

 M
eV

)
E

V
E

N
T

S
N

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

0.018

without ISR

with ISR

) events0π+π; -µMuon energy spectrum for (

dσvis(s)

dpℓdΩℓdpρdΩρdm2
ππdΩ̃π

=

ZZ 1

0
dx1dx2D(x1)D(x2)

dσ(s(1 − x1)(1 − x2))

dp′
ℓ

dΩ′
ℓ

dp′ρdΩ′
ρdm2

ππdΩ̃π

˛

˛

˛

˛

∂(p′ℓ, Ω′
ℓ)

∂(pℓ, Ωℓ)

˛

˛

˛

˛

˛

˛

˛

˛

∂(p′ρ, Ω′
ρ)

∂(pρ, Ωρ)

˛

˛

˛

˛

D(x) = xβ/2−1h(x) - probability function for initial e∓ to emit a γ-quantum jet carrying x1,2

part of e∓ energy Ebeam =
√

s/2. β = 2α
π (ln s

m2 − 1), h(x) - smooth limited function.
˛

˛

˛

˛

∂(p′i ,Ω′
i )

∂(pi ,Ωi )

˛

˛

˛

˛

(i = ℓ, ρ) - Jacobian of transformation from the τ+τ− rest frame to the Belle

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

Pvis(~z|~Θ) =
Fvis(~z|~Θ)

N (~Θ)
, Fvis(~z|~Θ) =

dσvis(ℓ
∓, ρ±)

dpℓdΩℓdpρdΩρdm2
ππdΩ̃π

= Avis
i (~z)Θi ,

N (~Θ) =

Z

Fvis(~z)d~z = Cvis
i Θi , Cvis

i =

Z

Avis
i (~z)d~z

~z = (pℓ, cos θℓ, φℓ, pρ, cos θρ, φρ, mππ , cos θ̃π, φ̃π)

For the reconstructed values ~̃z:

Pvis
R (~̃z|~Θ) =

1

Ñ (~Θ)

Z

Fvis(~z|~Θ) · R(~̃z, ~z)d~z =
1

Ñ (~Θ)
Ãvis

i (~̃z)Θi , Ñ (~Θ) = C̃vis
i Θi

R(~̃z, ~z) includes:

Track momentum resolution (ℓ∓, π±)

γ energy and angular resolution (π0)

Effect of external bremsstrahlung for e − ρ events

Beam energy spread
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Track momentum resolution
Uncertainties for the track helix parameters (dρ, φ0, κ, dz , tanλ) are propagated to
the uncertainties of (px , py , pz) providing the covariance matrix D̂. The resolution
function for 1 track:

R(∆p = ~̃p − ~p) =
1

(2π)3/2
q

det(D̂)

e− 1
2 ∆pT D̂−1∆p

Muon

 (GeV/c)µ
GENP

0 1 2 3 4 5 6 7 8

 (
G

eV
/c

)
µR

E
C

P

0

1

2

3

4

5

6

7

8 h
Entries  996549

Mean x   2.511
Mean y   2.512

RMS x   1.217
RMS y   1.219

h
Entries  996549

Mean x   2.511
Mean y   2.512

RMS x   1.217
RMS y   1.219

)+ρ; -µ(

Electron

 (GeV/c)e
GENP

0 1 2 3 4 5 6 7

 (
G

eV
/c

)
eR

E
C

P

0

1

2

3

4

5

6

7

)+ρ; -(e
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γ energy and angular resolution

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

 (GeV/c)0π
GENP

0 1 2 3 4 5 6 7 8

 (
G

eV
/c

)
0 πR
E

C
P

0

1

2

3

4

5

6

7

8 h
Entries  996549

Mean x   1.886
Mean y   1.846

RMS x   1.234
RMS y   1.209

h
Entries  996549

Mean x   1.886
Mean y   1.846

RMS x   1.234
RMS y   1.209

)0π+π; -µ(
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Bremsstrahlung for e − ρ events

Bremsstrahlung photon spectrum per unit of length (Ee >> m
αZ 1/3 ):

dNγ

dxdEγ
≃ 1

X0Eγ
. As a result the probability density function to emit

bremsstrahlung photon:

f (ε, θelectron) = (1 − p)δ(ε) + pH(ε − εmin)
1

εln
(

1
εmin

)

ε =
Eγ
Ee

, εmin =
Eγmin

Ee
= 10−4

p =
L

1 − εmin
ln

( 1
εmin

)

, L =
dSVD + dvac.chamber

sin θelectron

Belle SVD1 sample: dSVD + dvac.chamber= 1.9%X0

Belle SVD2 sample: dSVD + dvac.chamber= 2.7%X0
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Selection criteria
After the standard preselections we take events with two oppositely charged tracks, one of
them is identified as lepton (eID, µID > 0.9) and the other one as pion (PID(π/K ) > 0.4).
π0 candidate is reconstructed from the pair of gammas (ELAB

γ > 80 MeV) satisfying

115 MeV/c2 < Mγγ < 150 MeV/c2 , PCMS
π0 > 0.3 GeV/c.

cos(~Plep, ~Pπ) < 0, cos(~Plep, ~Pπ0 ) < 0, 0.3 GeV/c2 < M
ππ0 < 1.8 GeV/c2 .

ELAB
restγ < 0.2 GeV

Detection efficiency εdet ≃ 12%
hse15

Entries    1.578516e+07

Mean    2.013

RMS     1.032

 (GeV/c)CMS
eP

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

/(
50

 M
eV

/c
)

ev
en

ts
N

0

10000

20000

30000

40000

50000

60000 hse15
Entries    1.578516e+07

Mean    2.013

RMS     1.032

(eνν; 3πν)

��

hsth15
Entries    1.578516e+07

Mean    1.557

RMS    0.5301

CMS
eθ
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/0
.0

2
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N
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5000

10000
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20000

25000

30000
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45000 hsth15
Entries    1.578516e+07
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(eνν; 3πν)

��

hmpp015
Entries  3809464
Mean   0.7786
RMS    0.1509

)2 (GeV/c0ππM
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)2
/(

10
 M

eV
/c
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N

1

10

210
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410

hmpp015
Entries  3809464
Mean   0.7786
RMS    0.1509

(eνν; 3πν)

other

hexlab15
Entries  4307307
Mean   0.05401
RMS     0.112

 (GeV) extraγ
LABE

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

/(
5 

M
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)
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N

1
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210
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(eνν; 3πν)

other
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Background

The main background comes from (ℓνν; ππ0π0ν)(∼10%), (πν; ππ0ν)(∼1.5%) and
(ρ+ν; ρ−ν)(∼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-ττ events is
. 0.1%.

Remaining background for (µ; ρ) events

# (ℓ/h1ν(ν); ℓ/h2ν(ν) ELAB
γ rest < 0.3 GeV

1 (µνν; other) 9.3%
2 (µνν; eνν) 0.6%
3 (µνν; µνν) 0.4%
4 (µνν; πν) 6.3%
5 (µνν; 3πν) 1.5%
6 (µνν; πKSν) 4.9%
7 (µνν; πKLν) 1.1%

8 (µνν; Kπ0ν) 6.2%

9 (µνν; 3ππ0ν) 7.0%

10 (µνν; π3π0ν) 10.6%
11 (µνν; πKSKLν) 0.7%

12 (µνν; KKLπ0ν) 0.7%

13 (µνν; K 2π0ν) 0.3%

14 (µνν; πKSπ0ν) 2.0%

15 (µνν; πKLπ0ν) 11.5%

16 (πν; π2π0ν) 5.5%

17 (ρν; π2π0ν) 1.8%
18 (3πν; ρν) 0.4%

19 (π2π0ν; ρν) 1.1%
20 (Kν; ρν) 4.9%

21 (Kν; π2π0ν) 0.6%
22 (πKLν; ρν) 1.1%

23 (Kπ0ν; ρν) 0.5%
24 (KKLν; ρν) 0.3%

sum 95.3%
rest 4.7%

Remaining background for (e; ρ) events

# (e/h1ν(ν); h2ν) ELAB
γ rest < 0.3 GeV

1 (eνν; other) 13.2%
2 (eνν; πν) 7.6%
3 (eνν; 3πν) 2.1%
4 (eνν; πKSν) 7.0%
5 (eνν; πKLν) 1.3%

6 (eνν; Kπ0ν) 8.5%

7 (eνν; 3ππ0ν) 8.5%

8 (eνν; π3π0ν) 15.9%
9 (eνν; πKS KLν) 1.0%

10 (eνν; Kπ0KSν) 0.3%

11 (eνν; Kπ0KLν) 1.2%

12 (eνν; K 2π0ν) 0.5%

13 (eνν; ππ0KSν) 3.2%

14 (eνν; ππ0KLν) 17.1%

15 (eνν; π4π0ν) 0.4%

16 (eνν; πωπ0ν) 0.3%

17 (πν; π2π0ν) 0.7%
18 (ρν; ρν) 2.8%

sum 96.7%
rest 3.3%
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Description of background
Total PDF

P(x) =
ε(x)

ε̄

„

(1 −
X

i
λi )

S(x)

R ε(x)
ε̄

S(x)dx

+ λ3π

B̃3π (x)

R ε(x)
ε̄

B̃3π (x)dx

+ λπ
B̃π (x)

R ε(x)
ε̄

B̃π (x)dx

+ λρ
B̃ρ(x)

R ε(x)
ε̄

B̃ρ(x)dx

+

+(1 −
X

i

λi )
Nsel

rest(x)

Nsel
sig(x)

SSM(x)

«

B̃3π(x) =

Z

2(1 − ε
π0 (y))εadd(y)B3π(x, y)dy , B̃π(x) =

εµID
π→µ(pℓ, Ωℓ)

εµID
µ→µ(pℓ, Ωℓ)

Bπ(x)

B̃ρ(x) =
εµID

π→µ(pℓ, Ωℓ)

εµID
µ→µ(pℓ, Ωℓ)

Z

(1 − ε
π0 (y))εadd(y)Bρ(x, y)dy , ε(x) = ǫEXP

corr (x)ε(x)

x = (pℓ, Ωℓ, pρ, Ωρ, m2
ππ, Ω̃π); y = (p

π0 , Ω
π0 );

S(x) - theoretical density of signal (ℓ∓νν, ρ±ν) events;
B3π(x, y) - theoretical density of background (ℓ∓νν, π±2π0ν) events;
Bπ(x) - theoretical density of background (π∓ν, ρ±ν) events;
Bρ(x) - theoretical density of background (ρ∓ν, ρ±ν) events;
ε(x) - detection efficiency for signal events (common multiplier );
Nsel

rest(x)/Nsel
sig(x) - number of the selected (remaining/signal) MC events in the

multidimensional cell around ”x”. Admixture of the remaining background is (1 ÷ 2)%.
λi - i-th background fraction (from MC)
ε

π0 (y) - π0 detection efficiency (tabulated from MC);

εadd(y) = ε3π
add(y)/εsig

add - ratio of the ELAB
γrest cut efficiencies (tabulated from MC);

εµID
π→µ(pℓ, Ωℓ)/ε

µID
µ→µ(pℓ, Ωℓ) is tabulated from MC;

ǫEXP
corr (x) - EXP/MC efficiency correction.
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Background: τ → π±π0π0ν

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

Jµ = β1jµ1 (ρπ0)S−wave + β2jµ2 (ρ′π0)S−wave + β3 jµ3 (ρπ0)D−wave + β4jµ4 (ρ′π0)D−wave+

+β5jµ5 (f2(1270)π)P−wave + β6jµ6 (f0(500)π)P−wave + β7jµ7 (f0(1370)π)P−wave

dΓ(τ∓
→ π∓2π0ν)

dΩ∗
3πdm2

3πdΩ̃ρdm2
ππdΩ̃π

= κ3π(A′
± ~B′~ζ′

∗
)W

A′ = H1 + ξa1H2, ~B′ = ξa1
~G1 + ~G2, ξa1 = 1

W =
pπ(m2

ππ)

mππ

pρ(m2
ππ, m2

3π)

m3π

pa1(m
2
3π)

Mτ

H1 = (P, J∗)(q, J)+(P, J)(q, J∗)−(J, J∗)(P, q)

H2 = ieµνσδJµJ∗
ν Pσqδ

Gλ
1 = Mτ ((q, J)J∗λ + (q, J∗)Jλ

− (J, J∗)qλ)

Gλ
2 = iMτ eλµνσJµJ∗

ν qσ

τ−

ντ

W− − π−

π0

q

k 1

k2

a

k

k3
π0

P 1
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τ− → π−π0π0ντ in TAUOLA

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

DADMAA

DPHSAA

DPHTRE

DAMPPK

a : JAK=51

tauola.F

FORM1

FORM2

FORM3

formf.F

F3PI

f3pi.F

function
CLEO 

Jµ = β1jµ1 (ρπ0)S−wave+β2jµ2 (ρ′π0)S−wave+β3jµ3 (ρπ0)D−wave+β4jµ4 (ρ′π0)D−wave+

+β5jµ5 (f2(1270)π)P−wave + β6jµ6 (f0(500)π)P−wave + β7jµ7 (f0(1370)π)P−wave
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Calculation of B̃3π(x)
dσ(~ζ, ~ζ′)

dΩ
=

α2

64E2
τ

βτ (D0 + Dijζiζ
′
j )

dΓ(τ∓(~ζ∗) → ℓ∓νν)

dx∗dΩ∗
ℓ

= κℓ(A(x∗) ∓ ξ~n∗
ℓ
~ζ∗B(x∗)), x∗ = E∗

ℓ /E∗
ℓmax

A(x∗
) = A0(x

∗
) + ρA1(x

∗
) + ηA2(x

∗
), B(x∗

) = B1(x
∗
) + δB2(x

∗
)

dΓ(τ∓ → π∓2π0ν)

dΩ∗
3π

dm2
3π

dΩ̃ρdm2
ππdΩ̃π

= κ3π(H1 + ξa1
H2 ± (ξa1

~G1 + ~G2, ~ζ′
∗
))W (m2

ππ ,m
2
3π)

dσ(ℓ∓, π±2π0)

dE∗
ℓ dΩ∗

ℓ dΩ∗
3π

dm2
3π

dΩ̃ρdm2
ππdΩ̃πdΩτ

= κℓκ3π

α2βτ

64E2
τ

`

D0A(E∗
ℓ )(H1 + ξa1 H2)+

+B(E∗
ℓ )Dij n

∗
ℓi (ξa1 G1j + G2j )

´

W (m2
ππ ,m

2
3π)

dσ(ℓ∓, π±2π0)

dpℓdΩℓdpρdΩρdm2
ππdΩ̃πdp

π0 dΩ
π0

=

Φ2
Z

Φ1

dσ(ℓ∓, π±2π0)

dE∗
ℓ

dΩ∗
ℓ

dΩ∗
3π

dm2
3π

dΩ̃ρdm2
ππdΩ̃πdΩτ

×

×
˛

˛

˛

˛

∂(E∗
ℓ , Ω∗

ℓ )

∂(pℓ, Ωℓ)

˛

˛

˛

˛

·
˛

˛

˛

˛

∂(Ω∗
3π

, Ωτ )

∂(p3π, Ω3π, Φτ )

˛

˛

˛

˛

·
˛

˛

˛

˛

∂(m2
3π

, Ω̃ρ, p3π, Ω3π )

∂(pρ, Ωρ, p
π0 , Ω

π0 )

˛

˛

˛

˛

dΦτ

B̃3π (x) =
dσobs (ℓ∓, π±2π0)

dpℓdΩℓdpρdΩρdm2
ππdΩ̃π

=

Z

2(1 − ε
π0 (p

π0 , Ω
π0 ))εadd(pπ0 , Ω

π0 )×

×
dσ(ℓ∓, π±2π0)

dpℓdΩℓdpρdΩρdm2
ππdΩ̃πdp

π0 dΩ
π0

dp
π0 dΩ

π0
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Tabulated (1 − επ0)ε3π
add and ε

sig
add

The inefficiency was tabulated in 28 bins in π0 momentum, PCMS
π0 , and

20 bins in cos θCMS
π0 .

 (GeV/c)CMS
0πP
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 cut (GeV) extraγ
LABE
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Formulation of the total PDF

Likelihood per event, ℓ − ρ + ℓ − 3π

S(k) = A(k)
0 + A(k)

1 ρ + A(k)
2 η + A(k)

3 ξρξ + A(k)
4 ξρξδ

B̃(k)
3π = B̃(k)

3π,0 + B̃(k)
3π,1ρ + B̃(k)

3π,2η + B̃(k)
3π,3ξρξ + B̃(k)

3π,4ξρξδ

P
(k) =

ε(x)

ε̄

„

(1 −
X

i

λi)Zsig
A(k)

0 + A(k)
1 ρ + A(k)

2 η + A(k)
3 ξρξ + A(k)

4 ξρξδ

1
NMC

sel

NMC
sel

P

i=1

A(i)
0 +A(i)

1 ρ+A(i)
2 η+A(i)

3 ξρξ+A(i)
4 ξρξδ

A(i)
0 +A(i)

1 ·0.75+A(i)
2 ·0.0+A(i)

3 ·1.0+A(i)
4 ·0.75

+

+λ3πZ3π

B̃(k)
3π,0 + B̃(k)

3π,1ρ + B̃(k)
3π,2η + B̃(k)

3π,3ξρξ + B̃(k)
3π,4ξρξδ

1
NMC

sel

NMC
sel

P

i=1

B̃(i)
3π,0+B̃(i)

3π,1ρ+B̃(i)
3π,2η+B̃(i)

3π,3ξρξ+B̃(i)
3π,4ξρξδ

B̃(i)
3π,0+B̃(i)

3π,10.75+B̃(i)
3π,20.0+B̃(i)

3π,31.0+B̃(i)
3π,40.75

+ ...

«

Absolute normalizations, Zsig and Z3π, are calculated using huge samples of
the MC generated events.
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Background: (π∓, π±π0) events
In the (π∓, π±π0) events the direction of τ axis is determined with the
two-fold ambiguity.

dσ(~ζ, ~ζ′)

dΩ
=

α2

64E2
τ

βτ (D0 + Dijζiζ
′
j )

dΓ(τ∓(~ζ∗) → π∓ν)

dΩ∗
π

= κπ(1 ± ξπ~n∗
π
~ζ∗)

dΓ(τ±(~ζ′
∗
) → ρ±ν)

dm2
ππdΩ∗

ρdΩ̃π

= κρ(A′ ∓ ξρ
~B′ ~ζ′

∗
)W (m2

ππ)

A′ = 2(q, Q)Q∗
0 −Q2q∗

0 , ~B′ = Q2~K∗+2(q, Q)~Q∗, W = |Fπ(m2
ππ)|2 pρ(m2

ππ)p̃π(m2
ππ)

Mτ mππ

dσ(π∓ , ρ±)

dΩ∗
πdΩ∗

ρdm2
ππdΩ̃πdΩτ

= κπκρ
α2βτ

64E2
τ

`

D0A′ − ξρξπDij n
∗
πiB

′
j

´

, ξρξπ = 1

Bπ(x) =
dσ(π∓, ρ±)

dpπdΩπdpρdΩρdm2
ππdΩ̃π

=
X

Φ1,Φ2

dσ(π∓, ρ±)

dΩ∗
πdΩ∗

ρdm2
ππdΩ̃πdΩτ

˛

˛

˛

˛

∂(Ω∗
π,Ω

∗
ρ,Ωτ )

∂(pπ ,Ωπ, pρ,Ωρ)

˛

˛

˛

˛

Efficiency ratio επ(x)/ε(x) = επ→µ(pLAB
ℓ , θLAB

ℓ )/εµ→µ(pLAB
ℓ , θLAB

ℓ ) was tabulated from MC as a
function of (pLAB

ℓ , θLAB
ℓ ) and used to get for each event:

B̃π(x) =
επ→µ(pLAB

ℓ , θLAB
ℓ )

εµ→µ(pLAB
ℓ , θLAB

ℓ )
Bπ(x)
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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

Pother(xi) =
Nsel

other(xi)/Vi

Nsel TOT
other

, Psig(xi) =
Nsel

sig (xi)/Vi

Nsel TOT
sig

, S(xi) =
Ngen

sig (xi)/Vi

Ngen TOT
sig

ε̄

ε(xi)
=

Nsel TOT
sig

Nsel
sig (xi)

Ngen
sig (xi)

Ngen TOT
sig

,
ε̄

ε(xi)
Pother(xi) =

1 −
P

λi

λother

Nsel
other (xi)

Nsel
sig (xi)

S(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.

p cosθ ϕ( )
l l l

p cosθ ϕ( )ρ ρ ρ ( m2
π π cosθ ϕπ π ), ,, , , ,; ;

(Pℓ, cosψℓρ, Pρ) ⊗ (Pℓ, cos θρ)

P(Pℓ)
⊗ (Pρ, cos θ̃π)

P(Pρ)
⊗ (Pρ,m2

ππ)

P(Pρ)
⊗ (ϕρ, ϕ̃π) ⊗ (cosψℓρ,∆ϕℓρ)

P(cosψℓρ)
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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.

(e+νν; ρ−ν)
ρ = 0.7517 ± 0.0010
η = 0 – fixed
ξ = 1.0092 ± 0.0043
ξδ = 0.7538 ± 0.0027

ge
Entries  6749163

Mean    2.097

RMS     1.054

 (GeV/c)e
CMSP

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

/(
50

 M
eV

/c
)

ev
en

ts
N

0

20

40

60

80

100

310×

ge
Entries  6749163

Mean    2.097

RMS     1.054

(eνν; 3πν)

AAU

 (GeV/c)e
CMSP

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

-0.04

-0.02

0

0.02

0.04

0.06
 / ndf 2χ  93.17 / 100

p0        0.0005523± 3.578e-05 

 / ndf 2χ  93.17 / 100

p0        0.0005523± 3.578e-05 

Graph

(µ+νν; ρ−ν)
ρ = 0.7494 ± 0.0027
η = 0.0052 ± 0.0101
ξ = 0.9995 ± 0.0050
ξδ = 0.7519 ± 0.0033

ge
Entries  6538651

Mean    2.318

RMS      1.01

 (GeV/c)µ
CMSP

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

/(
50

 M
eV

/c
)

ev
en

ts
N

310

410

510
ge

Entries  6538651

Mean    2.318

RMS      1.01

(µνν; 3πν)

(πν; ρν)

 (GeV/c)µ
CMSP

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

-0.04

-0.02

0

0.02

0.04
 / ndf 2χ   72.1 / 94

p0        0.0005606± 0.0002153 

 / ndf 2χ   72.1 / 94

p0        0.0005606± 0.0002153 

Graph
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Validation of the fitter (full sample)
Simultaneous fit of MC (e±νν; ρ∓ν), (µ±νν; ρ∓ν) events

 cut (GeV) extraγ
LABE

0.1 0.15 0.2 0.25 0.3

ρ

0.747

0.748

0.749

0.75

0.751

0.752

0.753

0.754
Only signal

πSignal + 3
π + πSignal + 3

All
SM value

 Michel par. for All eventsρ

 cut (GeV) extraγ
LABE

0.1 0.15 0.2 0.25 0.3

η

-0.005

0

0.005

0.01

0.015

0.02

Only signal
πSignal + 3

π + πSignal + 3
All
SM value

 Michel par. for All eventsη

 cut (GeV) extraγ
LABE

0.1 0.15 0.2 0.25 0.3

ξ

0.988

0.99

0.992

0.994

0.996

0.998

1

1.002

1.004

1.006 Only signal
πSignal + 3

π + πSignal + 3
All
SM value

 Michel par. for All eventsξ

 cut (GeV) extraγ
LABE

0.1 0.15 0.2 0.25 0.3

δξ

0.742

0.744

0.746

0.748

0.75

0.752

0.754

0.756

0.758

0.76
Only signal

πSignal + 3
π + πSignal + 3

All
SM value

 Michel par. for All eventsδξ

All parameters agree with their SM expectations within syst ematic
uncertainties ( ρ(0.3%), η(0.8%), ξ(0.5%), ξδ(0.4%))
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Impact of the accuracy of the normalization (I)

 cut (GeV) extraγ
LABE

0.1 0.15 0.2 0.25 0.3
ρ

0.746

0.747

0.748

0.749

0.75

0.751

0.752

0.753
Only signal

πSignal + 3
π + πSignal + 3

All
Normalization syst.
SM value

) events+ρ , 
-

 Michel par. for (eρ

 cut (GeV) extraγ
LABE

0.1 0.15 0.2 0.25 0.3

ξ

0.98

0.985

0.99

0.995

1

1.005

1.01

1.015
Only signal

πSignal + 3
π + πSignal + 3

All
Normalization syst.
SM value

) events+ρ , 
-

 Michel par. for (eξ

 cut (GeV) extraγ
LABE

0.1 0.15 0.2 0.25 0.3

δξ

0.735

0.74

0.745

0.75

0.755

0.76 Only signal
πSignal + 3

π + πSignal + 3
All
Normalization syst.
SM value

) events+ρ , 
-

 Michel par. for (eδξ

In the fit of (e±νν; ρ∓ν) events the systematic uncertainties due to
the normalization are: ρ(0.11%), ξ(0.53%), ξδ(0.33%).

D. Epifanov (BINP) Mini Workshop on Tau Physics CINVESTAV, Mexico, 22-23 May 2017 34/43



Impact of the accuracy of the normalization (II)

 cut (GeV) extraγ
LABE

0.1 0.15 0.2 0.25 0.3

ρ

0.73

0.735

0.74

0.745

0.75

0.755

0.76

0.765

Only signal
πSignal + 3

π + πSignal + 3
ρ + π + πSignal + 3

All
Normalization syst.
SM value

) events+ρ , 
-µ Michel par. for (ρ

 cut (GeV) extraγ
LABE

0.1 0.15 0.2 0.25 0.3

η

0.06−

0.04−

0.02−

0

0.02

0.04

0.06

0.08
Only signal

πSignal + 3
π + πSignal + 3

ρ + π + πSignal + 3
All
Normalization syst.
SM value

) events+ρ , 
-µ Michel par. for (η

 cut (GeV) extraγ
LABE

0.1 0.15 0.2 0.25 0.3

ξ

0.97

0.98

0.99

1

1.01

Only signal
πSignal + 3

π + πSignal + 3
ρ + π + πSignal + 3

All
Normalization syst.
SM value

) events+ρ , 
-µ Michel par. for (ξ

 cut (GeV) extraγ
LABE

0.1 0.15 0.2 0.25 0.3

δξ
0.745

0.75

0.755

0.76

0.765

0.77

0.775

Only signal
πSignal + 3

π + πSignal + 3
ρ + π + πSignal + 3

All
Normalization syst.
SM value

) events+ρ , 
-µ Michel par. for (δξ

In the fit of (µ±νν; ρ∓ν) events the systematic uncertainties due to
the normalization are: ρ(0.76%), η(3.0%), ξ(0.84%), ξδ(0.59%) !
Only half of all available MC statistics was used to evaluate
normalization coefficients.
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Remaining background in (eνν; ρν)

The remaining background in the (eνν; ρν) events is populated
mainly by 18 different τ decay modes (see backup slides)

# background mode
0 2 4 6 8 10 12 14 16 18 20

ρ

0.75

0.751

0.752

0.753

0.754

0.755

0.756

) events-ρ , + Michel par. for (eρ

SM
# background mode

0 2 4 6 8 10 12 14 16 18 20

ξ

0.992

0.994

0.996

0.998

1

1.002

1.004

1.006

) events-ρ , + Michel par. for (eξ

SM

# background mode
0 2 4 6 8 10 12 14 16 18 20

δξ

0.748

0.75

0.752

0.754

0.756

) events-ρ , + Michel par. for (eδξ

SM

# background mode
0 2 4 6 8 10 12 14 16 18 20

ρ

0.748

0.7485

0.749

0.7495

0.75

0.7505

0.751

0.7515

0.752

) events+ρ , 
-

 Michel par. for (eρ

SM

# background mode
0 2 4 6 8 10 12 14 16 18 20

ξ

0.992

0.994

0.996

0.998

1

1.002

1.004

1.006

) events+ρ , 
-

 Michel par. for (eξ

SM

# background mode
0 2 4 6 8 10 12 14 16 18 20

δξ

0.738

0.74

0.742

0.744

0.746

0.748

0.75

0.752

) events+ρ , 
-

 Michel par. for (eδξ

SM

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 (µνν; ρν)

The remaining background in the (µνν; ρν) events is populated
mainly by 24 different τ decay modes (see backup slides)

# background mode
0 5 10 15 20 25

ρ

0.744

0.746

0.748

0.75

0.752

0.754

0.756

0.758

0.76

) events-ρ , +µ Michel par. for (ρ

SM

# background mode
0 5 10 15 20 25

η

-0.01

0

0.01

0.02

0.03

) events-ρ , +µ Michel par. for (η

SM

# background mode
0 5 10 15 20 25

ξ

0.998

1

1.002

1.004

1.006

1.008

1.01

1.012

1.014

) events-ρ , +µ Michel par. for (ξ

SM
# background mode

0 5 10 15 20 25

δξ
0.75

0.752

0.754

0.756

0.758

0.76

0.762

) events-ρ , +µ Michel par. for (δξ

SM

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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Trigger EXP/MC efficiency corrections (I)
We found that the EXP/MC trigger efficiency correction, Rtrg, is the dominant
one. Two independent subtriggers (energy trigger and track trigger) are used

to evaluate it.

 (GeV/c)eP
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5

tr
ig

M
C

ε/
tr

ig
E

X
P

ε
R

 =
 

0.45
0.5

0.55
0.6

0.65
0.7

0.75
0.8

0.85
0.9

0.95
1

1.05

 / ndf 2χ  70.75 / 56
Prob   0.0886
p0        0.02345± 0.8195 
p1        0.03367± -0.04571 
p2        0.02815± 0.1782 
p3        0.001994± 0.02682 
p4            0±     0 
p5            0±  0.85 
p6            0±  1.15 
p7            0±     4 

 / ndf 2χ  70.75 / 56
Prob   0.0886
p0        0.02345± 0.8195 
p1        0.03367± -0.04571 
p2        0.02815± 0.1782 
p3        0.001994± 0.02682 
p4            0±     0 
p5            0±  0.85 
p6            0±  1.15 
p7            0±     4 

sample 1)ν-ρ; νν+(e

 (GeV/c)eP
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5

tr
ig

M
C

ε/
tr

ig
E

X
P

ε
R

 =
 

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

 / ndf 2χ  62.22 / 58
Prob   0.3284
p0        0.1581± 0.5042 
p1        0.3535± 0.5684 
p2        0.006313± 0.05718 
p3        0.001591± 0.0005679 
p4            0±  0.45 
p5            0±   1.5 

 / ndf 2χ  62.22 / 58
Prob   0.3284
p0        0.1581± 0.5042 
p1        0.3535± 0.5684 
p2        0.006313± 0.05718 
p3        0.001591± 0.0005679 
p4            0±  0.45 
p5            0±   1.5 

)ν-ρ; νν+(e sample 2

 (GeV/c)µP
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5

tr
ig

M
C

ε/
tr

ig
E

X
P

ε
R

 =
 

0.5

0.55
0.6

0.65

0.7
0.75
0.8

0.85
0.9

0.95
1

1.05

 / ndf 2χ  49.06 / 56
Prob   0.7328
p0        0.1379± 0.4355 
p1        0.1669± 0.484 
p2        0.08965± -0.09705 
p3        0.3075± 2.607 
p4        0.1119± -0.8995 
p5        0.004113± 0.05032 
p6        0.0006043± -0.006563 
p7            0±  0.85 
p8            0±  1.05 
p9            0±  1.55 

 / ndf 2χ  49.06 / 56
Prob   0.7328
p0        0.1379± 0.4355 
p1        0.1669± 0.484 
p2        0.08965± -0.09705 
p3        0.3075± 2.607 
p4        0.1119± -0.8995 
p5        0.004113± 0.05032 
p6        0.0006043± -0.006563 
p7            0±  0.85 
p8            0±  1.05 
p9            0±  1.55 sample 1

0.65

0.75

(µ+
νν; ρ

−

ν)

 (GeV/c)µP
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5

tr
ig

M
C

ε/
tr

ig
E

X
P

ε
R

 =
 

0.4
0.45
0.5

0.55
0.6

0.65
0.7

0.75
0.8

0.85
0.9

0.95
1

1.05

 / ndf 2χ  52.41 / 54
Prob   0.5357
p0        0.003527± -1.554 
p1        0.003725± 5.398 
p2        0.003929± -2.978 
p3        0.03467± -0.1024 
p4        0.008441± 1.201 
p5        0.003362± -0.4038 
p6        0.0007519± 0.01235 
p7        0.003587± 0.08309 
p8        0.0004355± -0.01057 
p9            0±  0.95 
p10           0±  1.05 
p11           0±  1.45 
p12           0±  3.05 

 / ndf 2χ  52.41 / 54
Prob   0.5357
p0        0.003527± -1.554 
p1        0.003725± 5.398 
p2        0.003929± -2.978 
p3        0.03467± -0.1024 
p4        0.008441± 1.201 
p5        0.003362± -0.4038 
p6        0.0007519± 0.01235 
p7        0.003587± 0.08309 
p8        0.0004355± -0.01057 
p9            0±  0.95 
p10           0±  1.05 
p11           0±  1.45 
p12           0±  3.05 

sample 2
0.65

0.675

(µ+
νν; ρ

−

ν)
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Trigger EXP/MC efficiency corrections (II)

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

 (GeV/c)
eP

00.511.522.533.544.55

ρeψ
cos 

-1
-0.8

-0.6
-0.4

-0.2
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0.2
0.4
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2000

4000

6000

8000

10000

12000

h2
Entries  4940025

Mean x   1.722

Mean y  -0.7478

RMS x    1.14
RMS y  0.3672

h2
Entries  4940025

Mean x   1.722

Mean y  -0.7478

RMS x    1.14
RMS y  0.3672

) MC events-ρ , +(e

ρϕ-
lϕ

-3-2-10123
ρl
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0

1000

2000

3000

4000

5000

)-ρ , +µ for (πϕ∼ vs. ρϕ2D - correlation 

Still, we have notable Rtrg-related systematic uncertainty:
ξ, ξδ (∼ 3%), η (∼ 2%), ρ (∼ 1%).
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ℓID efficiency corrections

 (GeV/c)eP
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

eI
D

M
C

ε/
eI

D
E

X
P

ε

0.82

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

1.02

 / ndf 2χ  0.8916 / 6
Prob   0.9894
p0        0.01058± 0.9348 
p1        0.007821± 0.03467 
p2        0.01081± -0.03645 
p3        0.01475± 0.05521 
p4            0±  1.75 
p5            0±  2.75 
p6            0±   3.4 

 / ndf 2χ  0.8916 / 6
Prob   0.9894
p0        0.01058± 0.9348 
p1        0.007821± 0.03467 
p2        0.01081± -0.03645 
p3        0.01475± 0.05521 
p4            0±  1.75 
p5            0±  2.75 
p6            0±   3.4 )-ρ; +(e sample 1

 (GeV/c)eP
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

eI
D

M
C
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eI

D
E

X
P

ε

0.82

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

1.02

 / ndf 2χ  2.524 / 5
Prob   0.7728
p0        0.01035± 0.9806 
p1        0.01703± -0.0167 
p2        0.006707± 0.02198 
p3        0.02131± -0.08046 
p4        0.006282± 0.01918 
p5            0±  0.75 
p6            0±  2.25 
p7            0±  2.75 

 / ndf 2χ  2.524 / 5
Prob   0.7728
p0        0.01035± 0.9806 
p1        0.01703± -0.0167 
p2        0.006707± 0.02198 
p3        0.02131± -0.08046 
p4        0.006282± 0.01918 
p5            0±  0.75 
p6            0±  2.25 
p7            0±  2.75 

1.00
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p1        0.3328± 0.2661 
p2        0.123± -0.07423 
p3        0.03803± -0.05452 
p4        0.005967± 0.008487 
p5            0±  1.75 
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Prob   0.9881
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1.00
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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, (ℓ+νν; ρ−ν)
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Experimental data sample of 485 fb−1 (446 ×106 τ+τ−) was analyzed
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Systematic uncertainties

Source ∆(ρ), % ∆(η), % ∆(ξρξ), % ∆(ξρξδ), %
Physical corrections

ISR+O(α3) 0.10 0.30 0.20 0.15
τ → ℓννγ 0.03 0.10 0.09 0.08
τ → ρνγ 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
σ(Ebeam) 0.07 0.25 0.03 0.15

Normalization
∆N 0.11 0.50 0.17 0.13

without EXP/MC corr. 0.29 0.95 0.38 0.38
Rtrg ∼ 1 ∼ 2 ∼ 3 ∼ 3

We are working on the various EXP/MC efficiency corrections
(trigger, ℓID, track rec., π0 rec.).
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Summary

The procedure to measure 4 Michel parameters (MP) (ρ, η, ξ, ξδ)
in leptonic τ decays at B factory has been developed and tested.
It is based on the analysis of the (ℓ∓νν; ρ±ν), ℓ = e, µ 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 ((ℓνν; π2π0ν), (πν; ρν),
(ρν; ρν)) 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, ℓID, track rec., π0 rec. efficiency
corrections.

The analysis is going on.
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