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1. Introduction: 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:
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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
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In the SM: ρ = 3
4
, η = 0, ξ = 1, δ = 3
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Michel par. Measured value Experiment SM value

ρ 0.747 ± 0.010 ± 0.006 CLEO-97 0.75

(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 0.75

(e or µ) 2.8%
ξh 0.992 ± 0.007 ± 0.008 ALEPH-01 1

(all hadr.) 1.1%

Search for New Physics in leptonic τ decays
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−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.

With ×300 Belle statistics we can improve MP uncertainties by one order of magnitude

2. Belle Experiment

KEKB

Process σ, nb
e+e− → e+e−(γ) 123.5
15o ≤ θ ≤ 165o

e+e− → µ+µ−(γ) 1.005
e+e− → qq (q = u, d, s, c) 3.39

e+e− → bb 1.05

e+e− → e+e−ff 72.6
(f = u, d, s, c, e, µ, τ )

e+e− → τ+τ−(γ) 0.919

Ee− = 8 GeV, Ee+ = 3.5 GeV

Peak luminosity: L = 2.11 × 1034 cm−2s−1

Integrated luminosity:
∫

Ldt ≃ 1 ab−1, Nττ ≃ 109

B-factory is also τ -factory

3. 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 (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∗

ℓdΩ∗
ρdm2

ππdΩ̃πdΩτ

= A0 + ρA1 + ηA2 + ξρξA3 + ξρξδA4 =
4

∑

i=0

AiΘi, F(~z) =
dσ(ℓ∓νν, ρ±ν)

dpℓdΩℓdpρdΩρdm2
ππdΩ̃π

=

Φ2
∫

Φ1

dσ(ℓ∓νν, ρ±ν)

dE∗
ℓ dΩ∗

ℓdΩ∗
ρdm2

ππdΩ̃πdΩτ

∣

∣

∣

∣

∂(E∗
ℓ , Ω∗

ℓ , Ω
∗
ρ, Ωτ )

∂(pℓ, Ωℓ, pρ, Ωρ, Φτ )

∣

∣

∣

∣

dΦτ

L =
N
∏

k=1

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

4. 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,

P CMS
π0 > 0.3 GeV/c.

cos(~Plep, ~Pπ) < 0, cos(~Plep, ~Pπ0) < 0, 0.3 GeV/c2 < Mππ0 < 1.8 GeV/c2.

ELAB
restγ < 0.2 GeV

Detection efficiency εdet ≃ 12%
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5. Physical corrections, detector effects

Physical corrections:
All O(α3) QED and electroweak higher order
corrections to e+e− → τ+τ−(γ) are included

Radiative leptonic decays τ− → ℓ−ν̄ℓντγ

Radiative decay τ− → π−π0ντγ

Detector effects:
Track momentum resolution

γ energy and angular resolution

Effect of external bremsstrahlung for e − ρ events

Beam energy spread

Data/MC efficiency corrections
(trigger, track rec., π0 rec., lepton ID, πID)

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

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

Box

FSRBorn ISR

Electroweak

Z0

Vacuum polarizationVertex corr.
Background:
The main background comes from (ℓνν; π2π0ν)(∼10%), (πν; ππ0ν)(∼1.5%) and (ρ+ν; ρ−ν)(∼0.5%) events, it is included in PDF
analytically. The remaining background(∼2.0%) is taken into account using MC-based approach.
Background from the non-ττ events is . 0.1%.

6. Description of background
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2(1 − επ0(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
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∫

(1 − επ0(y))εadd(y)Bρ(x, y)dy

x = (pℓ, Ωℓ, pρ, Ωρ, m2
ππ, Ω̃π); y = (pπ0, Ωπ0);

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);

ε(x) = ǫcorr(x)ε(x) - corrected detection efficiency;

ǫcorr(x) - Data/MC efficiency corrections;

N sel
rest(x)/N sel

sig(x) - number of the selected (remaining/signal)

MC events in the multidimensional cell around ”x”;

λi - i-th background fraction (from MC)

επ0(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)/εµID

µ→µ(pℓ, Ωℓ) is tabulated from MC.
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7. Validation of the fitter

For each configuration 5M MC sample is fitted. The other statistically independent 5M MC sample was used to
calculate normalization.
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8. Data/MC efficiency corrections

We found that the Data/MC trigger efficiency correction, Rtrg, is the dominant one.
Two independent subtriggers (energy trigger and track trigger) are used to evaluate it.
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Rtrg varies in 9D phase space, a set of 2D-maps is used to approximate it.
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The track reconstruction efficiencies are different for the energy and track triggers, the combined procedure is under
development.

9. Fit of the data, systematic uncertainties

Helicity sensitive variable ω = 1
Φ2−Φ1
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Spin-spin correlation is seen in the momentum-momentum correlations of the final lepton and pions
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 Data/MC corr. 0.29 0.95 0.38 0.38
trigger eff. corr. ∼ 1 ∼ 2 ∼ 3 ∼ 3
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We are working on the Data/MC efficiency corrections (trigger, lepton ID, track rec., π0 rec.).

10. 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 Data/MC efficiency corrections provide the dominant contribution to the systemtic uncertainties of MP.
The largest contribution comes from the trigger efficiency correction (1–3)%. We are working to
improve this uncertainty.

Denis Epifanov NSU, BINP

Study of Michel parameters in τ decays at Belle


