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Motivation

tauonic and semitauonic B decays

B → τντ

B decay constant fB

B → D(∗)τντ

form-factors that cannot be accessed
in other semileptonic B decays

sensitive to extended Higgs sector – new physics at tree level

large branching fracton effects sensitive observables e.g. τ
polarization – possible O(1) effects

Hbu and Hbc vertices complementary to Htb searches at the LHC

poorly known – experimentally difficult

not observed exclusively before B-factories
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KEKB B-factory and Belle detector

µ /KL detection
14/15 lyr. RPC+Fe

Central Drift Chamber
small cell +He/C2H6

CsI(Tl)
16X0

Aerogel Cherenkov cnt.
n = 1.015~1.030

Si vtx. det.
3/4 lyr. DSSD

TOF conter

SC solenoid
1.5T

8 GeV

e-

3.5 GeV e+

Belle detector: multi-purpose, large-solid-angle Belle detector: multi-purpose, large-solid-angle 
magnetic spectrometermagnetic spectrometer

characteristics

e+e− → Υ(4S) → BB clean source of exclusive B meson pairs

Lpeak = 2.11× 1034
∫
L > 1 ab−1 711 fb−1 @ Υ(4S)

Jacek Stypuła for the Belle Collaboration @ ICHEP 2010 B → τν and B → D(∗)τν at Belle 3



Experimental techniques

Signal decay with multiple (2 or 3) neutrinos can be observed using kinematic constraints
available only at B-factories. To ensure that we have missing 4-momentum consistent
with multineutrino hypothesis we take the advantage of exclusive BB production.

Υ (4S)

BtagBsig

e







two ways of Btag reconstruction

1 reconstruct Btag (in exclusive mode) and check whether remaining particles are
consistent with Bsig (“exclusive” Btag reconstruction)

2 select Bsig candidate and check whether remaining particles are consistent with B
decay (“inclusive” Btag reconstruction)
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B → τντ

SM: W -mediated annihilation

decay rate simply related to B decay constant fB and |Vub|:

B(B → lν)
∣∣∣
SM

=
G 2FmB

8π
m2l

(
1− m

2
l

m2B

)2
f 2B |Vub|2τB

most accessible purely leptonic B decay1

B(B → lν)
∣∣
SM

= (1.2±0.25)×10−4 |Vub| = (4.32± 0.16± 0.29)× 10−3

fB = 190± 13MeV

sensitive to charged Higgs from type-II 2HDM2

B = B
∣∣
SM
× rH rH =

(
1− m

2
B
m2H

tan2 β
)2

1|Vub| taken from HFAG ICHEP08, fB taken from HPQCD arXiv:0902.1815v3 [hep-lat]
2W. S. Hou, PRD 48, 2342 (1993)
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B+ → τ+ντ results with exclusive hadronic Btag reconstruction

B candidates

788 K B 

Mtag [GeV/c
2]

535 M BB

Mtag =

√√√√√E 2beam −
∑
i /∈sig

~pi

2

∆Etag =
∑
i /∈sig

Ei − Ebeam,

← hadronic tag 449M BB3

First evidence 3.5σ
B(B → τν) = [1.79+0.56

−0.49(stat)+0.46−0.51(syst)]× 10−4

EECL – residual energy in calorimeter

3PRL 97, 251802 (2006)
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B+ → τ+ντ results with exclusive semileptonic Btag reconstruction

cosΘB,D(∗) l =
2E cmsbeamE

cms
D(∗) l −m

2
B −M2D(∗) l

2PcmsB · Pcms
D(∗) l

PcmsB =
√

(E cmsbeam)2 −m2B
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← semileptonic tag 657M BB NEW!4

3.6σ
B(B → τν) = [1.54+0.38

−0.37(stat)+0.29−0.31(syst)]× 10−4

Standard Model predictions

SM+LQCD: B(B → τν)SM = [1.2± 0.25]× 10−4

CKM fitter5: B(B → τν)CKM = [0.763+0.113
−0.061]× 10−4

4arXiv:1006.4201v1 [hep-ex] submitted to PRD
5http://ckmfitter.in2p3.fr/plots FPCP10/
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B → τντ constraints on theoretical models

effects of charged Higgs from type-II 2HDM on BF

B(B+ → τ+ντ ) = B(B+ → τ+ντ )
∣∣
SM
× rH rH =

(
1− m

2
B
m2H

tan2 β
)2
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B → D(∗)τ+ντ

sensitive to extended Higgs sector; complementary to and competitive with B → τν

different theory uncertainties:
free from fB and |Vub|, depends on the B → D(∗)τ+ντ formfactors

|Vcb| (known better than |Vub|) cancels out in the ratio B(B→Dτν)B(B→Dlν)

3-body decay ⇒ more observables (e.g. q2-distribution, τ polarization, D∗

polarization)

Jacek Stypuła for the Belle Collaboration @ ICHEP 2010 B → τν and B → D(∗)τν at Belle 9



B → D(∗)τ+ντ with inclusive Btag reconstruction

Bsig clean signature e.g. D∗−e+

reconstruct Btag inclusively

Bsig decay chains that combine a high reconstruction efficiency with a low background
level were chosen

Υ (4S)

BtagBsig

D*

e



  D∗ → D0π

D0 → K+π−, D0 → K+π−π0

τ →πν, τ →lνν, l = e, µ

background suppression

visible energy Evis

Xmis =
E2mis−|~pD∗+~pl/π|

|~pB |

similar to Mmis but Mtag independent
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B0 → D∗−τ+ντ results

FIRST OBSERVATION6

B(B0 → D∗−τ+ντ ) = (2.02+0.40
−0.37(stat)± 0.37(syst))%

signal yield in 535M BB

NS = 60+12
−11 6.7σ (5.2σ with syst.)

from a combined maximum likelihood fit (with a
single BF ) to Mtag distributions for all sub-decay
modes

At large Xmis most of background components
behave combinatorial while the signal is visible as a
well reconstructed Btag.

6PRL 99, 191807 (2007)
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Next step: B+ → D(∗)0τ+ντ

simultaneous extraction of signals in B+ → D∗0τ+ντ and B+ → D0τ+ντ taking into
account D∗0 ↔ D0 cross-feeds

signal extraction from fit to 2-dim distributions in Mtag and PD0 (momentum of D0

in Υ(4S) rest frame)

simultaneous fit to 13 decay chains with floating 2 signal BFs and 13 background
normalizations
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B → D(∗)τ+ντ summary

there are preliminary Belle results with exclusive Btag reconstruction using 657M BB7
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<3σ

B+ → D∗0τ+ντ
[2.12+0.28−0.27 ± 0.29]% 8.1σ

[3.04+0.69−0.66
+0.40
−0.47]% 3.9σ

B0 → D∗−τ+ντ
[2.02+0.40−0.37 ± 0.37]% 5.2σ

[2.56+0.75−0.66
+0.31
−0.22]% 4.7σ

B+ → D0τ+ντ
[0.77± 0.22± 0.12]% 3.5σ

[1.51+0.41−0.39
+0.24
−0.19]% 3.8σ

B0 → D−τ+ντ [1.01+0.46−0.41
+0.13
−0.11]% 2.6σ

– Belle inclusive Btag
– Belle exclusive Btag
– BaBar exclusive Btag

8

� Standard Model9

similarly to B → τν results are above SM predictions

inclusive reconstruction gives the smalest statistical errors

7arXiv:0910.4301v1 [hep-ex]
8PRL 100, 021801 (2008)
9C.-H. Chen and C.-Q. Geng, JHEP 0610, 053 (2006)
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B → Dτ+ντ constraints on theoretical models

experimental bounds on tanβ/mH in type-II 2HDM from averaged Belle and BaBar
measurements10 of R = B(B→Dτντ )

B(B→Dlνl )
= 0.40± 0.08

experimental bounds

theoretical
prediction

10M. Tanaka, R. Watanabe, arXiv:1005.4306
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Summary and outlook

B-factory is a good environment for studies of tauonic and semitauonic B decays

new measurement by Belle of B → τντ with semileptonic tags
BF = [1.54+0.38

−0.37(stat)+0.29−0.31(syst)]× 10−4(3.6σ)

measurements of (semi)tauonic-B decays are now well established and provide
constraints on charged Higgs sector that are competitive with direct searches

measured BFs are consistent within experimental uncertainties with expectations of
the SM, but there is still some room for new physics

full data set analysis is on the way

interesting prospects for Super B-factories (Belle II at SuperKEKB)
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BACKUP
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