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Hadronic τ decays & |Vus|

APPROACHES TO |Vus|
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Kl3 decays:

Kl2 decays:

Hyperon decays:

τ decays:
⇒ ms, |Vus|

See A.Pich’s 
talk for details



Hadronic τ decays & |Vus|

T-Spectral Density
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Spectral Moments:

Flavor-SU(3) breaking sensitive to ms :

Possible to simultaneously extract ms, |Vus| 

Hadronic Width:

Rkl
τ =

∫ 1
0 dz(1− z)kzl dRτ

dz , z = q2

m2
τ

Maltman, Wolfe (Tau06) 
hep-ph/0611180



|Vud| = 0.97377± 0.00027
(PDG ’06)

δRτ,theory << Rτ

⇒ modest ∆(δRτ,theory) ≡ 13% gives small error on |Vus|
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 |Vus| with Fixed ms

QCD Sum rules, Lattice: 
Jamin, Oller, Pich 

(PRD74, 074009, 2006)

Smallest uncertainity 
on (0,0) moment

Jamin, Tau06 (hep-ph/0612154)

|Vus| =
√

R00
τ,strange

/[
R00

τ,non−strange

|Vud|2 − δR00
τ,th

]



Strange τ decays:

Rτ,non−strange = Rτ −Rτ,strange
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Davier, Hocker, Zhang
(RMP 78, 1043, 2006)

Rτ = (3.640± 0.010)

Direct measurement averaged
with Be from Bµ & ττ :
Buni

e = (17.818± 0.032)%

Rstrange, Rnon-strange



Strange τ decays:

Rτ,non−strange = Rτ −Rτ,strange
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Davier, Hocker, Zhang
(RMP 78, 1043, 2006)

Rτ = (3.640± 0.010)

Direct measurement averaged
with Be from Bµ & ττ :
Buni

e = (17.818± 0.032)%

Updates:
• τ− → K−π0ν from BaBar
• τ− → K0

Sπ−ν from Belle
• τ− → K−π+π−ν from BaBar

Rstrange, Rnon-strange



Hadronic τ decays & |Vus|

B-Factory DETECTORS
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2007: L(BaBar) ≈ 400 fb−1

L(Belle) ≈ 700 fb−1

Goal by end of 2008:
L(BaBar+Belle) ≈ 2 ab−1

Hadronic τ decays & |Vus|

T-FACTORY STRENGTHS
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Results reported here results typically
use a fraction of the collected luminosity

Experiment # of τ -pairs
LEP 3× 105

CLEO 1× 107

BaBar, Belle 2× 109



Hadronic τ decays & |Vus|

T-pair EVENTS
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τ− → K−π0ν (L = 230.2 fb−1, Tau06)

M(Kπ0)(GeV )
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τ− → h−h−h+ν (L = 344.0 fb−1, Tau06)
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τ− → h−h−h+ν (L = 344.0 fb−1, Tau06)



Hadronic τ decays & |Vus|

New Modes via ϕ (Tau06)
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PLB643, 
5, 2006



τ− → K0
Sπ−ν (L = 351 fb−1, Tau06)
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Evidence of (Kπ)S-wave contribution



Mode B(10−3) B(10−3)

K− 6.81± 0.23
K−π0 4.54± 0.30 Average with 4.39± 0.21 ⇒ 4.44± 0.17
K

0
π− 8.78± 0.38 Average with 2(3.91± 0.146) ⇒ 8.18± 0.23

K−π0π0 0.58± 0.24
K

0
π−π0 3.60± 0.40

K−π+π− 3.30± 0.28 Average with 2.88± 0.11 ⇒ 2.94± 0.10
K−η 0.27± 0.06
(K3π)− (estimated) 0.74± 0.30
K1(1270)− → K−ω 0.67± 0.21
(K4π)− (estimated) and K∗−η 0.40± 0.12

Sum 29.69± 0.86 Updated Estimate: 28.63± 0.72 (Preliminary)

Rstrange = (0.1607± 0.0041), Rnon−strange = (3.4793± 0.0108)
⇒

!" #$|Vus| = (0.2165± 0.0031) (Br. Fr. error dominates)
∆B
B = 0.72

28.63 ≈ 2.5% −→ 1%⇒ ∆(|Vus|) = 0.0016 ≡ 0.7%

Hadronic τ decays & |Vus|

|Vus| from T-Decays
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Mode B(10−3) B(10−3)

K− 6.81± 0.23 Replace with 7.15± 0.03 [B(K− → µ−νµ), τK , ττ ]
K−π0 4.54± 0.30 Average with 4.39± 0.21 ⇒ 4.44± 0.17
K

0
π− 8.78± 0.38 Average with 2(3.91± 0.146) ⇒ 8.18± 0.23

K−π0π0 0.58± 0.24
K

0
π−π0 3.60± 0.40

K−π+π− 3.30± 0.28 Average with 2.88± 0.11 ⇒ 2.94± 0.10
K−η 0.27± 0.06
(K3π)− (estimated) 0.74± 0.30
K1(1270)− → K−ω 0.67± 0.21
(K4π)− (estimated) and K∗−η 0.40± 0.12

Sum 29.69± 0.86 Updated Estimate: 28.97± 0.68 (Preliminary)

B(τ− → K−ν)

Hadronic τ decays & |Vus|

from Kμ2 decayS
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Rstrange = (0.1626± 0.0038), Rnon−strange = (3.4774± 0.0107)
⇒

!" #$|Vus| = (0.2178± 0.0029) (Br. Fr. error dominates)
∆B
B = 0.68

28.97 ≈ 2.3% −→ 1%⇒ ∆(|Vus|) = 0.0016 ≡ 0.7%



Hadronic τ decays & |Vus|

|Vus| Measurements
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Other 
measurements
from Jamin’s 

talk at Moriond 
EW 2007



Preliminary results from BaBar:
• B(τ− → K−π0ν) = (4.39 ± 0.03 ± 0.21) × 10−3

• B(τ− → π−π+π−ν) = (9.11 ± 0.01 ± 0.26) × 10−2

• B(τ− → K−π+π−ν) = (2.88 ± 0.02 ± 0.11) × 10−3

• B(τ− → K−K+π−ν) = (13.73 ± 0.11 ± 0.40) × 10−4

• B(τ− → K−K+K−ν) = (1.59 ± 0.14 ± 0.11) × 10−5

• B(τ− → π−φν) = (3.49 ± 0.55 ± 0.32) × 10−5

• B(τ− → K−φν) = (3.48 ± 0.20 ± 0.26) × 10−5

Preliminary results from Belle:
• B(τ− → K0

Sπ−ν) = (3.91 ± 0.04 ± 0.14) × 10−3

• B(τ− → K−φν) = (4.06 ± 0.25 ± 0.26) × 10−5

First measurement using data from B-Factories:
• |Vus| = 0.2165 ± 0.0030 (from measured τ -decays only)
• |Vus| = 0.2178 ± 0.0028 (with predicted B(τ− → K−ν))

Hadronic τ decays & |Vus|

Summary
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