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• Study of hadronic τ decays:
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KEKB B-factory, detector Belle
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• E
e−

= 8 GeV, E
e+ = 3.5 GeV, beam cross-

ing angle is 0.022 rad.

• Peak luminosity L = 1.71 × 1034 1/cm2/sec

• Integrated luminosity
R

Ldt = 766 1/fb

• B-factory is also τ-factory (σBB̄ = 1.1 nb,

σττ ≃ 0.9 nb): Nττ = 704 × 106
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Hadronic τ decays

Cabibbo-allowed decays (B ∼ cos2 θc)

B(S = 0) = (61.85 ± 0.10)% (PDG)

Cabibbo-suppressed decays (B ∼ sin2 θc)

B(S = −1) = (2.95 ± 0.07)% (PDG)

iMfi



S = 0

S = −1

ff

=
GF√

2
uντ γ

µ
(1−γ

5
)uτ ·

(

cos θc · 〈hadrons(qµ)|ĴS= 0
µ (q2)|0〉

sin θc · 〈hadrons(qµ)|ĴS=−1
µ (q2)|0〉

)

, q
2 ≤ M

2
τ

• 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

• Comparison with hadronic formfactors from e+e− experiments to check

CVC theorem

• Measurement of Γinclusive(S = −1) to determine Vus and s-quark mass
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Study of τ−
→ KSπ−ντ decay

Statistics:
R

Ldt = 351 1/fb → 323 × 106 ττ events (Phys. Lett. B 654, 65 (2007))
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KSπKLν 9
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KSKν 2

3πν 5

non-ττ 1
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Belle
PDG07 FIT

Br(KSπν),%

53110 signal events with efficiency εdet ≃ 6%

Two-lepton (e, µ) events are used for normalization

B(KSπ∓ντ ) =
N(l

±
1 ,KSπ∓)

N(l
±
1 ,l

∓
2 )

·
ε(l

±
1 ,l

∓
2 )

ε(l
±
1 ,KSπ∓)

· B(l
∓
2 νlντ ), l1,2 = e, µ

B(τ− → KSπ−ντ ) = (0.404 ± 0.002(stat.) ± 0.013(syst.))%

Is in agreement with

B(τ− → K−π0ντ ) = (0.416 ± 0.003(stat.) ± 0.018(syst.))%

recently measured by BaBar.
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KSπ mass spectrum
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FV =
BWK∗(892) + a(K∗(1410)) · BWK∗(1410) + a(K∗(1680)) · BWK∗(1680)

1 + a(K∗(1410)) + a(K∗(1680))
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KSππ0
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K∗
0 (800) + K∗(892) + K∗(1410) model

MK∗(892) = 895.47 ± 0.20 MeV/c2

ΓK∗(892) = 46.19 ± 0.57 MeV

|a(K∗(1410))| = 0.075 ± 0.006

arg(a(K∗(1410))) = 1.44 ± 0.15

|a(K∗
0(800))| = 1.57 ± 0.23

χ2/Ndf = 90.2/84, P (χ2) = 30%

The K∗(892) alone is not sufficient to describe the KSπ spectrum

K∗
0 (800) + K∗(892) + K∗(1410)/K∗

0 (1430) models provide the best fits
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K∗(892)− mass and width

885 887.5 890 892.5 895 897.5

Belle
CLEO

ALEPH

PDG07K*−(892) K*0(892)

MK
*−

(892), MeV/c2
40 50 60

Belle
PDG07 average

ΓK
*−

(892), MeV

M(K∗(892)−) = (895.47 ± 0.20(stat.) ± 0.44(syst.) ± 0.59(mod.)) MeV/c2

Γ(K∗(892)−) = (46.2 ± 0.6(stat.) ± 1.0(syst.) ± 0.7(mod.)) MeV

M(K∗(892)−), MeV/c2 Γ(K∗(892)−), MeV Comments

ALEPH 895 ± 2 55 ± 8 K−π0, syst. errors not est.

CLEO 896.4 ± 0.9 KSπ−, syst. errors not est.

D. N. Gao and M. L. Yan, “A note on the mass splitting of K*(892),”

arXiv:0710.2810 [hep-ph].
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Study of τ−
→ K−ηντ , K−π0ηντ (K∗−ηντ ), π−π0ηντ decays

Statistics:
R

Ldt = 485 1/fb → 446 × 106 ττ events (arXiv:0708.0733 [hep-ex])
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Kην = 0.94%, εKπ0ην
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= 0.35%, εππ0ην

ππ0ην
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η-yield qq̄ other Kην Kπ0ην ππ0ην

Kην 1387 ± 43 30.6 ± 15.6 1.1 ± 0.2 – 15.1 ± 3.8 18.0 ± 1.0

Kπ0ην 270 ± 33 27.0 ± 8.5 1.2 ± 0.4 16.0 ± 0.9 – 85.3 ± 4.6

ππ0ην 5959 ± 105 212 ± 29 71.6 ± 20 2.4 ± 0.1 9.4 ± 2.4 –

Kην (η → 3π) 241 ± 21 9.1 ± 2.2 < 1.18 – 3.3 ± 0.8 5.8 ± 1.3
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τ− → K∗(892)−ηντ study

• η signal-band: (0.50 < Mγγ < 0.58) GeV/c2

• Continuum BG is evaluated from side-bands:

(0.43 < Mγγ < 0.48) ∪ (0.60 < Mγγ < 0.65) GeV/c2

• K∗-peaking BG is evaluated from MC:

τ → K∗(892)ν (2.3 ± 0.9), e+e− → qq̄ (6.5 ± 2.3)

• Fit the data with K∗(892)+BG model → K∗ yield

is (119 ± 19)

• Detection efficiency εdet(K∗ην) = 0.115%

B results

Mode Belle preliminary B Previous B Experiment

τ− → K−ηντ (1.62 ± 0.05 ± 0.09) × 10−4 (2.6 ± 0.5 ± 0.5) × 10−4 CLEO

(2.9 ± 1.3 ± 0.7) × 10−4 ALEPH

τ− → K−π0ηντ (4.7 ± 1.1 ± 0.4) × 10−5 (17.7 ± 5.6 ± 7.1) × 10−5 CLEO

τ− → π−π0ηντ (1.39 ± 0.03 ± 0.07) × 10−3 (1.7 ± 0.2 ± 0.2) × 10−3 CLEO

(1.8 ± 0.4 ± 0.2) × 10−3 ALEPH

τ− → K∗−ηντ (1.13 ± 0.19 ± 0.07) × 10−4 (2.90 ± 0.80 ± 0.42) × 10−4 CLEO
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Hadronic mass spectra in τ− → ηπ−π0ντ
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B(τ− → ηπ−π0ντ ) = (1.39 ± 0.03 ± 0.07) · 10−3

is consistent with Bee = (1.3 ± 0.2) · 10−3 based on e+e− data and CVC
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Study of τ−
→ φK−ντ decay

Statistics:
R

Ldt = 401 1/fb → 358 × 106 ττ events (Phys. Lett. B 643, 5 (2006))
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B(τ− → φK−ντ ) = (4.05 ± 0.25 ± 0.26) × 10−5
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Luminosity 1.4

ττ cross section 1.3
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Signal MC 0.5

B(φ → K+K−) 1.2

Γφ 0.2

Total 6.5
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M(φK) spectrum agrees well with BW(MR = 1.57 GeV/c2; ΓR = 0.15 GeV/c2) and

constant matrix element models.
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Study of τ−
→ π−π0ντ decay

Statistics:
R

Ldt = 72.2 1/fb → 66.4 × 106 ττ events (arXiv:hep-ex/0512071)
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Average (w/o KLOE)

τ decays

e+e– CVC

25.15 ± 0.04 ± 0.31

25.42 ± 0.12 ± 0.42

25.47 ± 0.10 ± 0.09

25.29 ± 0.20 ± 0.14

25.44 ± 0.17 ± 0.29

25.40 ± 0.10

24.48 ± 0.18

The best ππ0 mass spectrum fit is achieved with the ρ(770) + ρ(1450) + ρ(1700) model.

B(τ− → π−π0ντ ) from all τ-experiments is systematically higher than the CVC

prediction (from e+e−-experiments): Bτ − Bee = (0.92 ± 0.21)%. The origin of

this discrepancy is still unknown.
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Search for lepton-flavor-violating τ decays

Model B(τ → µγ) B(τ → ℓℓℓ)

mSUGRA+seesaw 10−7 10−9

SUSY+SO(10) 10−8 10−10

SM+seesaw 10−9 10−10

Non-universal Z’ 10−9 10−8

SUSY+Higgs 10−10 10−7

e e
τ

τ

µ γ

ν

ν

1−prong

+−
−

+

+

−

Analysis strategy:

• Tag one τ by its 1-prong decay

(B1−prong ≃ 85%), the other τ is required to

produce the LFV final state

• Suppress background from: ττ , contin-

uum (u,d,s,c), BB̄, two-photon processes,

Bhabha, µµ(γ)

• Blind Analysis. A search for signal events

on the (Minv vs. ∆E) plane,

Minv ≃ Mτ , ∆E = ELFV − Ebeam ≃ 0

• B <
s90

2Nττ εmc

44 different LFV modes are studied at Belle
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Search for τ−
→ ℓ−γ, τ−

→ ℓ−ℓ′−ℓ′′+ (ℓ = e, µ)

τ− Belle BaBar

mode B, 10−8 R

Ldt, fb−1 B, 10−8 R

Ldt, fb−1

µ−γ 4.5 535 6.8 232

e−γ 12 535 11 232

e−e−e+ 3.6 535 4.9 376

e−µ−µ+ 4.1 535 6.6 376

e+µ−µ− 2.3 535 4.6 376

µ−e−e+ 2.7 535 5.0 376

µ−µ−µ+ 3.2 535 6.7 376

µ+e−e− 2.0 535 2.7 376
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Search for τ−
→ ℓ−V 0, τ−

→ ℓ−P0 (ℓ = e, µ; V 0 = φ, ω, ρ0, K∗0, K̄∗0; P0 = π0, η, η′)

τ− Belle BaBar

mode B, 10−8 R

Ldt, fb−1 B, 10−8 R

Ldt, fb−1

e−π0 8.0 401 13 339

e−η 9.2 401 16 339

e−η′ 16 401 24 339

µ−π0 12 401 11 339

µ−η 6.5 401 15 339

µ−η′ 13 401 14 339

τ− Belle BaBar CLEO

mode B, 10−8 R

Ldt, fb−1 B, 10−8 R

Ldt, fb−1 B, 10−8 R

Ldt, fb−1

e−ρ0 6.3 543 – – 200 4.79

e−K∗(892)0 7.8 543 – – 510 4.79

e−K̄∗(892)0 7.7 543 – – 740 4.79

e−φ 7.3 543 – – 690 4.79

e−ω 18 543 11 384 – –

µ−ρ0 6.8 543 – – 630 4.79

µ−K∗(892)0 5.9 543 – – 750 4.79

µ−K̄∗(892)0 10 543 – – 750 4.79

µ−φ 13 543 – – 700 4.79

µ−ω 8.9 543 10 384 – –
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Summary

• Huge statistics recorded by Belle allows us to study hadronic τ decays with high accuracy.

The branching fractions of several decay modes:

B(τ− → KSπ−ντ ) = (4.04 ± 0.02stat ± 0.13syst)×10−3

B(τ− → K−ηντ ) = (1.62 ± 0.05stat ± 0.09syst)×10−4

B(τ− → K−π0ηντ ) = (4.7 ± 1.1stat ± 0.4syst)×10−5

B(τ− → π−π0ηντ ) = (1.39 ± 0.03stat ± 0.07syst)×10−3

B(τ− → K∗−ηντ ) = (1.13 ± 0.19stat ± 0.07syst)×10−4

B(τ− → φK−ντ ) = (4.05 ± 0.25stat ± 0.26syst)×10−5

have better accuracy then the previous measurements. The B(τ− → φK−ντ ) was measured

for the first time.

• We studied the KSπ mass spectrum in the τ → KSπν sample. The K∗(892) alone is not

sufficient to describe the KSπ invariant mass spectrum. The best description is achieved in

the K∗
0 (800) + K∗(892) + K∗

0 (1410) and K∗
0 (800) + K∗(892) + K∗

0 (1430) models.

The values of the K∗(892)− mass and width we obtained are:

M(K∗(892)−) = (895.47 ± 0.20stat ± 0.44syst ± 0.59mod) MeV/c2

Γ(K∗(892)−) = (46.2 ± 0.6stat ± 1.0syst ± 0.7mod) MeV

• In the evaluation of the branching fraction upper limits for the LFV τ decays we

are approaching the 10−8 level. Parameter space for many models beyond the

SM can be restricted.
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Study of the τ−
→ KSπ−ντ decay

• Measurement of τ → KSπντ branching ratio τ → K̄0πντ has the largest B
among decays with one kaon, so provides the dominant contribution to the s-quark

mass sensitive total strange hadronic spectral function.

• KSπ mass spectrum ( FV : K∗(892), K∗(1410), K∗(1680); FS: K∗
0 (800)(κ),

K∗
0 (1430))

– M. Battle et al. [CLEO Collaboration], “Measurement of Cabibbo suppressed

decays of the tau lepton,” Phys. Rev. Lett. 73, 1079 (1994)

[arXiv:hep-ph/9403329].

– P. Lichard, Phys.Rev.D 60, 093012 (1999) (nonzero value of the slope parameter

λ0 of the K±
µ3 and K0

µ3 formfactors implies the existence of the τ → K⋆
0 (1430)ντ

decay)

– M. Finkemeier and E. Mirkes, “The scalar contribution to τ → Kπντ”, Z. Phys.

C 72, 619 (1996) [arXiv:hep-ph/9601275].

• CP violation in τ → KSπντ

– J.Kuhn, E.Mirkes,Phys. Lett. B398, 407 (1997)

– G.Bonvicini et al (CLEO), Phys.Rev.Lett.88, 111803 (2002)

– I.I.Bigi, A.I.Sanda, Phys. Let. B 625, 47 (2005)

– G. Calderon, D. Delepine and G. L. Castro, “Is there a paradox in CP

asymmetries of τ± → (KL, KS)π±ντ decays?” arXiv:hep-ph/0702282.
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I. Preselection criteria

• 2 ≤ Ntracks ≤ 8

• |Qtotal| ≤ 2

•
PNtrk

i=1 | ~Pi|
CMS < 10 GeV/c

•
PNclusters

i=1 ELAB
i (ECL) < 10 GeV

• P LAB
⊥ max > 0, 5 GeV/c

• Event vertex |R| < 0, 5 cm, |Z| < 3 cm

• For Ntrk = 2:

–
PNtrk

i=1 | ~Pi|
CMS < 9 GeV/c

–
PNclusters

i=1 ELAB
i (ECL) < 9 GeV

– 5o < θLAB
missing < 175o

• Erec =
PNtrk

i=1 | ~Pi|
CMS +

PNγ
j=1 | ~Kj |

CMS > 3 GeV/c OR P LAB
⊥ max > 1, 0 GeV/c

• If 2 ≤ Ntrk ≤ 4:

– Etot = Erec + |
PNtrk

i=1
~Pi

CMS
+

PNγ
j=1

~Kj
CMS

| < 9 GeV/c OR

Maximum opening angle< 175o

– Nbarrel ≥ 2 OR
P

All clusters ECMS −
P

photons ECMS
γ < 5, 3 GeV

• Maximum opening angle > 20o
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II. Additional selection criteria

• 2 ≤ Ntracks ≤ 4 (PCMS
⊥ >

0.1 GeV/c, |△r| < 0, 5 cm, |△z| <

2.5 cm)

• |Qtotal| ≤ 1

• Nγ ≤ 5 (ECMS
γ > 0.08 GeV)

•
PNclusters

i=1
ELAB

i (ECL) < 9 GeV

Two-lepton (e+,µ-) events
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Two-lepton (e+, µ−) and (e−, µ+) events

We select events with two leptons having cos( ~Pe, ~Pµ) < 0

(e+,µ-) two-lepton events
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4046048 selected events, detection efficiency εdet(e, µ) = (19.26 ± 0.01)%

The main source of non-ττ background, e+e− → e+e−µ+µ− process, gives about

2% contaminaton. The contribution of the other non-ττ processes is found to be

less than 0.1%.
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Selection of signal events

• 1 lepton (e/µ) with Pe,Pµ > 0.8

• 1 charged pion π with PK/π < 0.3

• 1 KS candidate reconstructed from KS → π+π−

– ∆Z1,2 < 1.5cm

– 0.1 < lρ−φ(KS) < 20cm

– cos(~P⊥, ~r⊥) ≥ 0.95

– LKS
> 2 cm, 485 < Mππ(KS) < 512 MeV/c2 (±5σ)
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B(τ−
→ KSπ

−
ντ ) systematic uncertainty

Source Contribution,%

KS detection efficiency 2.5

τ+τ− background subtraction 1.6
P

ELAB
γ 1.0

Lepton identification efficiency 0.8

Pion momentum 0.5

Non-τ+τ− background subtraction 0.3

B(lνlντ ) 0.3
ε(l1,l2)

ε(l1,KSπ)
0.2

KS momentum 0.2

Pion identification efficiency 0.1

Total 3.3

B(τ → KSπντ ) = (0.404 ± 0.002stat ± 0.013syst)%
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KSπ mass spectrum fit results

K∗(892) K∗
0 (800) + K∗(892)+ K∗

0 (800) + K∗(892)+

+K∗(1410) +K∗(1680)

MK∗(892)− , MeV/c2 895.53 ± 0.19 895.47 ± 0.20 894.88 ± 0.20

ΓK∗(892)− , MeV 49.29 ± 0.46 46.19 ± 0.57 45.52 ± 0.51

|β| 0.075 ± 0.006

arg(β) 1.44 ± 0.15

|χ| 0.117 ± 0.017

0.033

arg(χ) 3.17 ± 0.47

κ 1.57 ± 0.23 1.53 ± 0.24

χ2/n.d.f. 448.4/87 90.2/84 106.8/84

P (χ2), % 0 30 5
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K∗
0 (800) + K∗(892) + K∗

0 (1430)

solution 1 solution 2

MK∗(892)− , MeV/c2 895.42 ± 0.19 895.50 ± 0.22

ΓK∗(892)− , MeV 46.14 ± 0.55 46.20 ± 0.69

|γ| 0.954 ± 0.081 1.92 ± 0.20

arg(γ) 0.62 ± 0.34 4.03 ± 0.09

κ 1.27 ± 0.22 2.28 ± 0.47

χ2/n.d.f. 86.5/84 95.1/84

P (χ2), % 41 19
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B(τ−
→ ηX−ντ ) systematic uncertainties (%)

Mode K−ηντ K−π0ηντ π−π0ηντ K−ηντ K∗−ηντ

η detection η → γγ η → γγ η → γγ η → 3π η → γγ

Estimation of K−ηντ − 0.6 1.8 × 10−3 − −

Estimation of K−π0ηντ 0.3 − 4.2 × 10−2 0.4 −

Estimation of π−π0ηντ 7.5 × 10−2 3.3 − 0.1 −

Estimation of π−π0π0ηντ − − 0.4 − −

Estimation of qq̄ 1.5 6.0 0.5 1.5 2.4

Particle ID (K/π) 3.3 2.2 1.0 2.8 2.2

Particle ID (Lepton) 2.3 2.8 2.6 2.6 2.6

Track finding 1.3 1.3 1.3 3.3 1.3

Luminosity measurement 1.6 1.6 1.6 1.6 1.6

π0 detection − 2.0 2.0 2.0 2.0

π0 veto 2.8 2.8 2.8 − 2.8

Signal MC 0.5 1.7 0.7 1.3 1.7

B(η → π+π−π0) − − − 1.6 −

Total 5.6 8.9 5.0 6.3 6.0
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τ−
→ ℓ−γ (ℓ = e, µ)
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(b)

B(τ− → e−γ) < 12.0×10−8
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τ−
→ ℓ−ℓ′−ℓ′′+ (ℓ = e, µ)

Mode ε (%) NBG σsyst (%) Nobs s90 B(×10−8)

τ− → e−e+e− 6.00 0.40±0.30 9.8 0 2.10 3.6

τ− → µ−µ+µ− 7.64 0.07±0.05 7.4 0 2.41 3.2

τ− → e−µ+µ− 6.08 0.05±0.03 9.5 0 2.44 4.1

τ− → µ−e+e− 9.29 0.04±0.04 7.8 0 2.43 2.7

τ− → e+µ−µ− 10.8 0.02±0.02 7.6 0 2.44 2.3

τ− → µ+e−e− 12.5 0.01±0.01 7.7 0 2.46 2.0
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τ−
→ ℓ−P0 (ℓ = e, µ; P0 = π0, η, η′)

mode µη eη µη′ eη′ µπ0 eπ0

η/η′/π0 → 3π γγ 3π γγ ππη ργ ππη ργ γγ γγ

ǫ (%) 6.8 6.4 4.7 4.6 4.9 5.4 4.3 4.8 4.5 3.9

n(exp) 0.2 0.4 0.53 0.25 0 0.23 0 0 0.58 0.20

n(obs) 0 0 0 0 0 0 0 0 1 0

UL @90%CL 2.2 2.1 2.0 2.2 2.5 2.2 2.5 2.5 3.8 2.2

Br(×10−8) 26 17 41 19 47 25 12 8

combined Br(×10−8) 6.5 9.2 13 16
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τ−
→ ℓ−V 0 (ℓ = e, µ; V 0 = φ, ω, ρ0, K∗0, K̄∗0)

Mode Nobs Nexp ǫ ∆ǫ/ǫ s90 UL on B

τ− → (%) (%) (90% CL)

µ−φ 1 0.17 ± 0.12 3.14 5.2 4.17 1.3 × 10−7

e−φ 0 0.18 ± 0.12 3.10 5.3 2.27 7.3 × 10−8

µ−ω 0 0.19 ± 0.20 2.51 6.3 2.22 8.9 × 10−8

e−ω 1 < 0.24 2.46 6.3 4.34 1.8 × 10−7

µ−K∗0 0 0.26 ± 0.15 3.71 4.8 2.20 5.9 × 10−8

e−K∗0 0 0.08 ± 0.08 3.04 4.9 2.35 7.8 × 10−8

µ−K̄∗0 1 0.17 ± 0.12 4.02 4.8 4.14 1.0 × 10−7

e−K̄∗0 0 < 0.17 3.21 4.9 2.45 7.7 × 10−8

µ−ρ0 1 1.04 ± 0.28 4.89 4.9 3.34 6.8 × 10−8

e−ρ0 0 < 0.17 3.94 5.1 2.46 6.3 × 10−8
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