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Physics MotivationPhysics Motivation

��

Purely Purely leptonicleptonic B decay. Standard Model branching ratioB decay. Standard Model branching ratio

��

Provide direct measurement of B meson decay constant Provide direct measurement of B meson decay constant ffBB

ffBB = 0.196 = 0.196 ±± 0.032 0.032 GeVGeV (PDG 2004, Lattice QCD)(PDG 2004, Lattice QCD)

��

ExtractExtract ||VVubub| / || / |VVtdtd|| by combining branching ratio by combining branching ratio 
measurement with results from B mixingmeasurement with results from B mixing

��

Sensitive to charged HiggsSensitive to charged Higgs
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Branching Ratio ExpectationsBranching Ratio Expectations

��

HelicityHelicity Suppressed:Suppressed:

��

Standard model estimate using 2004 PDG values:          Standard model estimate using 2004 PDG values:          

��

Existing upper limits from other experiments at 90% CLExisting upper limits from other experiments at 90% CL

LEP (L3):  BR(B LEP (L3):  BR(B →τν→τν) < 5.7 × 10) < 5.7 × 10--44 (Phys. (Phys. LettLett. B 396, 327 (1997)). B 396, 327 (1997))

Belle:  BR(B Belle:  BR(B →τν→τν) < 2.9 × 10) < 2.9 × 10--44 (Preliminary (2004), on 140 fb(Preliminary (2004), on 140 fb--11 onon--resonance data)resonance data)

τ � : µ� : e = 1 : 5 × 10-3 : 1 × 10-7

( ) 2�" mBBR ∝→ ν

fB = 0.196 ± 0.032 GeV
|Vub|  = (3.67 ± 0.47) × 10-4

BR(B →� τ�ν�) = (9.3 ±

�

3.9) × 10-5
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The The BaBarBaBar DetectorDetector

DIRC (

�

PID)
144 quartz bars

11000 PMs

1.5 T solenoid
EMC

6580 CsI(Tl) crystals

Drift Chamber
40 stereo layers

Instrumented 
Flux Return

iron / RPCs (muon
/ neutral hadrons)

Silicon Vertex Tracker
5 layers, double sided 

strips

e+ (3.1 GeV)e- (9 GeV)

SVT:           97% efficiency, 15 mm z hit resolution (inner layers, perp. tracks)
SVT+DCH: σ(pT)/pT = 0.13 % ×�

pT + 0.45 % 
DIRC:          K-π separation 4.2 σ @ 3.0 GeV/c → 2.5 σ at 4.0 GeV/c
EMC:           σE/E = 2.3 %⋅E-1/4 ⊕

�

1.9 %  → 3% for E≈1 GeV, 6% for E≈20 MeV
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Analysis StrategyAnalysis Strategy

�� In BIn B--factory environmentfactory environment

ee++ee-- →�→� ϒ

�

ϒ

�

(4S) (4S) →�→�

BB++BB--
ϒ(4S)B- B+

ντ

e+

ντ

νe

B+→�τ�+ν�

τ�,  τ�+→�

e+ν�

eν

�

τ�

B-→�

X

�� First reconstruct one of the BFirst reconstruct one of the B--mesons, referred as “ tag mesons, referred as “ tag BB” ” 
or “ tag side”. or “ tag side”. 

�� Make requirements on the remaining tracks/neutrals that Make requirements on the remaining tracks/neutrals that 
constrain them to be consistent with constrain them to be consistent with ττ decay. This decay. This 
remaining part of the event is referred as “signal side”.remaining part of the event is referred as “signal side”.

Β

�

→�τ�ν	,  
 B→�

X  (X=anything)
Main τ� decay modes

τ�→�

(e, µ�)ν	ν	

τ→(π�

, ππ� �0, π�ππ� �

)ν	
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6HDUF

�

IR � %6HDUF

�

IR � %→τν→τν XVLQ �XVLQ � +DGURQLF+DGURQLF

�

7DJV

�

7DJV

Fit for background and signal in 
beam energy substituted mass (mES) 
distribution to obtain reconstructed 

B yield:                                       

(167.8 (167.8 ±

�

±

�

1.21.2stat stat ±
�

±
�

3.03.0systsyst))×

�×�

10103 3 

81.9 fb-1

Tag B reconstructed in a set of hadronic final states: B±→D(*)0Xhad 

Xhad = n1π

�± �

+ n2K±

�

+ n3π

�0 + n4K0
s (n1=1,..5, n2=0,..2, n3=0,..2, n4=0,1)

D*0→�

D0π�0, D0→�

Kπ� , K ππ� �0, K3π�, Ksππ� �

)
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�� 
 �
��� ������� ��� �

�� ��� �

Signal τ� identified in one of the 
modes                                         
τ�→ 

(e, µ!)νν" "

τ�→ 
(π#

, ππ# #0, π#π#π#

)ν"

• Requirement on track and (or) π$0
multiplicity, particle identification, 
missing momentum, intermediate 
resonances (ππ$ $0ν%

, πππ$ $ $ν%

).

• Require at most one signal side γ &

candidate with 50 < Eγ ' < 100(110) MeV
in lab frame (not associated with π$0).

() *+ ,- -. / -0 123 45 . 67 8 9 :;< ;= ;> ? @
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3K\VLF � 5HVXOW � �3K\VLF � 5HVXOW � � +DGURQLF+DGURQLF
�

7DJV
�

7DJV
81.9 fb-1

151517.217.2±

�

±

�

2.12.1±

�

±

�

1.31.310.510.5±
�

±
�

0.20.2allall

7710.010.0±

�

±

�

1.61.6±

�

±

�

1.31.32.0 2.0 ±

�

±

�

0.10.1ππ� �ν�ππ� �ν�

444.34.3±
�

±
�

1.01.0±

�

±

�

0.30.30.6 0.6 ±

�

±

�

0.10.1πππ� � �ν�πππ� � �ν�

221.31.3±
�

±
�

0.60.6±
�

±
�

0.20.22.6 2.6 ±

�

±

�

0.10.1π�ν�π�ν�

000.90.9±

�

±

�

0.50.5±
�

±
�

0.10.11.9 1.9 ±

�

±

�

0.10.1µ�νν� �µ�νν� �

220.70.7±

�

±

�

0.40.4±

�
±

�
0.10.13.4 3.4 ±

�

±

�

0.10.1eeνν� �νν� �

ObsObs..

EventsEvents
Expected Expected 

BackgroundBackground
SignalSignal--side side 

Efficiency (%)Efficiency (%)
ModeMode

Branching fraction upper limit
BR(B→�τ�ν�) < 4.2 ×� 10-4 at 90% CL

Use statistical techniques based on Higgs searches at LEP.
(A. L. Read, J. Phys. G28, 2693 (2002) )

	
 �� 
� �� � �� ��� �� � ��� � ��� �� ���  
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6HDUF

�

IR � %6HDUF

�

IR � %→τν→τν XVLQ �XVLQ �

''��OOνν;; 7DJV7DJV
81.9 fb-1

Branching fraction upper limit

%5�%→�τ�ν� �� ��

� ×	 ��

 �

D

�
��




&/

�� �� �� �� � �� ��� �� � ��� � � !  "  # $ %

¾ Tag B reconstructed as D0lνX

X=π0, γ or nothing (X not reconstructed). D0→&

Kπ' , K ππ' '0, K3π', Ksππ' '

¾ Signal τ is identified only in the leptonic modes : τ(→&
(e, µ))νν* *

¾ Total selection efficiency    (4.19 ±

+

0.31stat ±
+

0.36syst)×

,

10-4

DD00llννXX tag sample is combined with statistically independent tag sample is combined with statistically independent hadronichadronic
tag B sample. Combined upper limittag B sample. Combined upper limit

BR(B→&τ(ν*) < 4.2 ×, 10-4 at 90% CL

-. /0 1. 1 243 5 6 5 6 57 / 8 94: 8 ; / < : . = =>@? A 9B C DE F G HI JK LM LN I O M P MQ J R LS T UV W

νXYZ [ \Y] ^4_ Y `_ a [b c [_ Xd e X f_ g h ^

ν

ijk l m npo qr j s4t m u l rk v m u wt j s4t τ

u m

u wt r j u x u t w u r yz j s v t {j z r u| k r w sk w} z r u| ~z wt m o
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DD*0*0llνν Tag ReconstructionTag Reconstruction

B-
J

�

D*0 O- ν�

D0 π�0/γ �

K- π�+
K- π�+ π�0
K- π�+ π�- π�+
K0

s π�+ π�-

Use 112.5 fb-1 at ϒ

�

(4S) resonance data  #� 124.1×106 B pairs

ε�tag = (1.82 ±

�

0.074 ±

�

0.055)×�10-3

¾ Σ4 	
 	 � � 
 �
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BB→τν→τν Signal Selection:Signal Selection: DD*0*0llνν TagsTags
112.5 fb-1
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WKH�IROORZLQ �

PRGH

� τ→�H � µ�νν � τ→�π � ππ

�
� πππ�ν

¾Signal-side track and (or) π0

multiplicity
¾Signal track(s) identified as e, µ or π, 
as appropriate.

¾Missing mass requirements
¾ Electron P* < 1.4 GeV for  τ→eνν
mode

¾ Requirements on intermediate 
resonances

τ� →	 ρ
ν�
,  ρ
→	 π�π�0

τ�→	

a1ν
�

,  a1→
	ρπ
 �

,  ρ
→	π�π�
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EEextraextra :: DD*0*0llνν TagsTags
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IUR

�
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• Signal events  peaks at low Eextra value

• Extra neutrals only from beam-
background, hadronic split -offs, 
bremsstrahlung etc.

• Background events peaks towards 
higher Eextra value

¾6LJQD

�

UHJLRQ��( � � ���  ��

!

*H9

"" Use “doubleUse “double--tagged” events tagged” events 
for validation of for validation of EEextraextra simulation simulation 
in the signal MC:in the signal MC:
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Systematic UncertaintiesSystematic Uncertainties

�� Estimation of number of BB pair (1.1%)Estimation of number of BB pair (1.1%)

�� Determination of tagging efficiency (3.1%)Determination of tagging efficiency (3.1%)

�� Obtained using yield of doubleObtained using yield of double--tagged events tagged events 
in data and MC.in data and MC.

�� SignalSignal--side selection efficiency.side selection efficiency.

�� Tracking efficiency Tracking efficiency 

�� Particle identificationParticle identification

�� Simulation of neutral clusters contributing to Simulation of neutral clusters contributing to 
EEextraextra distribution distribution 

�� Background estimation.Background estimation.

Background estimation is performed by Background estimation is performed by 
extrapolating the number of events in the extrapolating the number of events in the EEextraextra

side band in data in the signal region, using the side band in data in the signal region, using the 
shape of the variable from MC. shape of the variable from MC. 

�� Systematic correction due to modeling of Systematic correction due to modeling of EEextraextra

variable in background MC.variable in background MC.

112.5 fb-1

3.43.4

4.04.0

6.16.1

8.38.3

6.36.3

eeνννν
µννµνν
πνπν

ππππ00νν
πππνπππν

Systematic error Systematic error 

on signalon signal--side side 

efficiency (%)efficiency (%)

Selection Selection 

ModeMode

1.02 1.02 ±± 0.040.04

1.13 1.13 ±± 0.060.06

1.12 1.12 ±± 0.030.03

1.09 1.09 ±± 0.040.04

1.071.07±± 0.030.03

eeνννν
µννµνν
πνπν

ππππ00νν
πππνπππν

Systematic Systematic 

correction on correction on 

bkgbkg. estimation. estimation

Selection Selection 

ModeMode
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Physics Results :Physics Results : DD*0*0llνν TagsTags

151151
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For BR(B→:τ;ν<

)=10-4, signal to background 
ratios are  ~1:6 for eν<ν<

,  ~1:8 for µ=νν< <

, ~1:9 
for π>ν<

, ~1:34 for ππ> >0ν<

, and ~1:51 for π>ππ> >ν<

.
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Branching Ratio Upper Limit : DBranching Ratio Upper Limit : D*0*0llνν TagsTags
¾ Use statistical techniques based on Higgs searches at LEP.
(A. L. Read, J. Phys. G28, 2693 (2002). Use same statistical method in hadronic tag analysis and 
D*0lν tag analysis)

¾ Define an estimator “Q” : monotonically increasing for 
increasing signal

( )obsbsbs QQPCL ≤= ++bbss CLCLCL /+= ( )obsbb QQPCL ≤=

0 1 2 3 4 5 6 7 8 9 10
0
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10

15

20

25

Without Background Uncertainty

Including Background Uncertainty

BABARBABAR
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)-4 10×Branching Fraction (

)
m

ax
- 

2 
lo

g 
(Q

/Q

Branching fraction upper limit at 
90% C.L.

BR(B→τν) < 4.3 × 10-4

48.1
7.1 109.1)( −+

− ×=→ τνBBR

Central Value

112.5 fb-1

�� � �� ��� �� �
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&RPELQH

�

5HVXOWV&RPELQH

�

5HVXOWV

�� The The hadronichadronic tag sample tag sample is statistically independent of the is statistically independent of the 
semileptonicsemileptonic DD*0*0llνν tag sample.tag sample.

�� A combined likelihood ratio estimator is created by taking the A combined likelihood ratio estimator is created by taking the 
product of the product of the semiptonicsemiptonic ((QQslsl) and ) and hadronichadronic ((QQhadhad) likelihood ) likelihood 
ratio estimator:   ratio estimator:   QQcombcomb = = QQslsl ××QQhadhad

Hadronic Tag and D*0lν Tag Samples     

Presented at ICHEP 2004 (hep-ex/0408091)

BR(B→�τ�ν�

) < 3.3 ×�

10-4 at 90% CL
Central Value

fB < 0.48 GeV at 90% CL

43.1
2.1 106.1)( −+

− ×=→τνBBR
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Summary and OutlookSummary and Outlook

BR(B→τν) < 6.7 

×10-4 at 90% CL

BR(B→τν) < 4.2 
× 10-4 at 90% CL

BR(B→τν) < 4.3 

× 10-4 at 90% CL

ResultsResults

81.9 fb81.9 fb--1181.9 fb81.9 fb--11112.5 fb112.5 fb--11DatasetDataset

τ→(e, µ)νντ→(e, µ)νν
τ→(π, ππ0, πππ)ν

τ→(e, µ)νν
τ→(π, ππ0, πππ)ντ

Signal Signal 

sideside

DD00llννXXDD(*)0(*)0XXhadhadDD*0*0llννTag sideTag side

9 &RPELQH

�

XSSH � OLPL

�

IUR
�

'
��

Oν DQ

�

KDGURQLF WD � VDPSOH
BR(B→τν) < 3.3 × 10-4 at 90% CL  (Preliminary)

9 &RPELQH

�

XSSH � OLPL

�

IUR
�

'

�

Oν

�

DQ

�

KDGURQLF WD 	 VDPSOH
BR(B→τν) < 4.2 × 10-4 at 90% CL  (Submitted to PRL)

The analyses using DThe analyses using D*0*0llνν and and hadronichadronic B tags will be updated on B tags will be updated on 
the ~220 fbthe ~220 fb--11 onon--resonance dataset.resonance dataset.
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%DFNX � 6OLGHV
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Summary of SignalSummary of Signal--Side Selection : Side Selection : 
DD*0*0llνν TagsTags

PionPion IDID

Veto Electron, Veto Electron, 
MuonMuon, , PionPion

Electron vetoElectron veto

MuonMuon vetoveto

KaonKaon vetoveto

MuonMuon IDID

Electron vetoElectron veto

KaonKaon vetoveto

Electron IDElectron ID

MuonMuon vetoveto

KaonKaon vetoveto

EEextraextra < 0.3 < 0.3 GeVGeV

aa11
±

�

±

�

selectionselectionρ�ρ� ±

�

±

�

selectionselectionN/AN/AN/AN/AN/AN/A

P* of 3P* of 3π�π� < 2.7 < 2.7 
GeVGeV

P* of P* of ππ� �ππ� �00 < < 
2.7 2.7 GeVGeV

P* of P* of π�π� < 2.7 < 2.7 
GeVGeV

N/AN/AP* of  e < 1.4 P* of  e < 1.4 
GeVGeV

Missing Mass Missing Mass 
> 2 > 2 GeVGeV

Missing mass > 3 Missing mass > 3 GeVGeVMissing mass > 4 Missing mass > 4 GeVGeV

N/AN/ANonNon--zero zero 
signal signal π�π�00

zero signal zero signal π�π�00N/AN/AN/AN/A

3 signal tracks3 signal tracksOne signal track One signal track 

πππ� � �ν�πππ� � �ν�ππ� �ππ� �00ν�ν�π�ν�π�ν�µ�νν� �µ�νν� �

eeνν� �νν� �
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SignalSignal--Side Selection Efficiency : D*Side Selection Efficiency : D*00llνν TagsTags
Selection efficiency (%)Selection efficiency (%)

40.440.4ΣεΣεii

2.12.13.23.221.921.94.84.88.48.4Total (Total (εεii))

1.01.02.52.510.010.02.12.11.21.2OtherOther

4.14.1000.50.50000ππππππππ00νν
002.82.82.82.80000ππππ00ππ00νν

27.627.6001.11.10000πππνπππν
008.88.812.112.10.30.300ππππ00νν
002.62.657.557.50.50.500πνπν
000.70.753.353.325.825.80.10.1µννµνν
000.10.111.911.90.10.148.648.6eeνννν

33πνπνππππ00ννπνπνµννµννeeνννν
Decay mode Decay mode 

in MC in MC 

No systematic 
correction applied to 
efficiencies listed in 
the table

Total signal-side 
efficiency for each 
selection 

j

n

j

j
ii f

decay

∑
=

=
=

8

1

εε

εi
j is the efficiency of 

the selection i for the 
MC τ decay mode j,   
fj = BR(τ→j)
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Tagging Efficiency Systematics
• Use double-tag yield in data and MC

• Number of double tag events (N2) is related to the tag reconstructed 
eff iciency (ε) and total number of B+B- events (N) as follows

N2 = ε2N

• From double tag yield in data (407.0±20.2) and MC (434.4±12.4) 
obtain correction factor for tagging efficiency: 

εdata/εMC = 0.969 ± 0.029

• The 3.1% error obtained form double-tag method is used as the 
systematic error.

ε�

tag = (1.82 ±

�

0.074 ±

�

0.055)×�

10-3
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Limit Setting Procedure used in Limit Setting Procedure used in 
DD*0*0llνν and and HadronicHadronic Tag AnalysesTag Analyses

obsb

obsbs

QQ

QQ

b

bs
s N

N

LC

LC
LC

<

<+ +==
..

..
..

�� Using a li kelihood ratio estimator to combine different channelsUsing a li kelihood ratio estimator to combine different channels ::

( )
( )bL

bsL
Q

+= ( )
( )( ) ( ) ∏∏

=

−

=

+−

=+=+
channels ichannelsn iii n

i i

n
i

b

i i

n
ii

bs

n

be
bL

n

bse
bsL

11 !
,

!

itagBBi BBRNs εετν .)( →⋅=
• Statistical and systematic uncertainties on expected backgrounds are included in 
the likelihood definition by convoluting with a Gaussian G(bi,σ

�

bi), where bi is the 
expected background and σbi is the uncertainty on background expectation.

),()()(
ibiiiii bGbsLbsL σ⊗+→+

• Branching fraction upper limit calculated by running toy MC for different 
branching fraction hypothesis. 

• The confidence level (C.L.) for certain signal 
hypothesis is computed as: 
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Nominal Upper Limit at 90% C.L.Nominal Upper Limit at 90% C.L.

�� Upper limit is calculated for the Upper limit is calculated for the 
case when observed number of case when observed number of 
events in data is equal to the events in data is equal to the 
expected number of background expected number of background 
eventsevents

�� Including modes with worse signal Including modes with worse signal 
to background ratio actually to background ratio actually 
slightly improves sensitivity.slightly improves sensitivity.

4.294.293.043.04πνπν
8.118.117.117.11µννµνν
5.255.254.374.37eeνννν

4.274.273.373.37Ex. Ex. πνπν, , 

ππππ00νν, 3, 3πνπν

2.982.982.172.17Ex. Ex. ππππ00νν, , 

33πνπν

2.952.952.152.15Ex. 3Ex. 3πνπν
2.932.932.132.13AllAll

UL at 90% UL at 90% 

C.L. includingC.L. including

BackgroundBackground

UncertaintiesUncertainties

××1010--44

UL at 90% UL at 90% 
C.L. without C.L. without 

BackgroundBackground

UncertaintiesUncertainties

××1010--44

ModesModes

Br ( x 10^-4 )
0 2 4 6 8 10

1 
- 

C
.L

.

0

0.2

0.4

0.6

0.8

1

BR(B→�τ�ν�)  (×�10-4)
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Physics Results :Physics Results : DD*0*0llνν TagsTags

151151

2626

3030

7272

1010

1313

ObsObs. . EvtEvt..

4.34.3

21.921.9

24.124.1

7.57.5

10.210.2

4.54.5

BR UL (BR UL (×�×�

1010--44))

133.4133.4±
�

±
�

10.4610.4640.0840.08±

�

±

�

0.930.93±

�

±

�

1.431.43combinedcombined

25.1025.10±
�

±

�

3.873.872.072.07±

�

±

�

0.200.20±

�

±

�

0.13 0.13 πππ� � �ν�πππ� � �ν�

29.8029.80±

�

±

�

5.105.103.013.01±

�

±

�

0.240.24±

�

±

�

0.250.25ππ� �ππ� �00ν�ν�

55.3055.30±

�

±

�

7.377.3722.3422.34±

�

±

�

0.720.72±

�

±

�

1.36 1.36 π�ν�π�ν�

8.058.05±

�

±

�

2.072.074.304.30±

�

±

�

0.280.28±

�

±

�

0.170.17µ�νν� �µ�νν� �

15.1515.15±

�

±

�

3.143.148.368.36±

�

±

�

0.420.42±

�

±

�

0.28 0.28 eeνν� �νν� �

Expected Expected BkgBkg..SignalSignal--side Efficiency (%)side Efficiency (%)

112.5 fb-1

�� � �	 
	� �� 
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6HDUF

�

IR � %6HDUF

�

IR � %→τν→τν XVLQ �XVLQ �

''��OOνν;; 7DJV7DJV
81.9 fb-1

Tag B reconstructed as D0lνX

X=π0, γ or nothing (X not reconstructed), '

�

→�

.π�� � ππ� � 	
 .�π�
 . �π
π


Signal τ is identified only in the 
leptonic modes : τ→ (e, µ)ν(e, µ)ντ

• One signal side track

• Signal track identified as e or µ
• Signal track P* < 1.2 GeV

• Eextra < 1 GeV

Total selection eff iciency                          

(4.19 ±
�

0.31stat ±

�

0.36syst)×

�

10-4

�� � � �� �� � � �� � � ��� � � � �� �� � ! ��� !� � � � " � � � #$% &'( )*+ ,- * ./ ,*0 1 * 1

)2 ,2 ,0 3 4 ,- 25 ,+ *6 12 7 2 1 ) .25 86 - 0 / 1 )5 0 1 ,- * ./ ,*0 1+

9 D0 mass < 3σ of fitted mean

• Lepton P* > 1 GeV

• -2.5 < cosθB,D0l< 1.1

( )
lDB

lDBlDB

lDB pp

mmEE

0

00

0

2

2
cos

22

, ::

−−
=θ

;< => ?@ @A B @C DEF GH A IJA K LMN MO MP Q R
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3K\VLF � 5HVXOW � �3K\VLF � 5HVXOW � � ''��OOνν;; 7DJV7DJV
81.9 fb-1

 (GeV)extraE
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 (GeV)extraE
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

E
n

tr
ie

s/
0.

04
0 

G
eV

0

2

4

6

8

10

12

14

16 Data
Combined Fit to the Data
Signal p.d.f. Fit Component
Background p.d.f. Fit Component
Background Simulation
Signal Simulation

115.2115.2±±11.811.8BackgroundBackground

14.814.8±±6.36.3SignalSignal

Fitted YieldFitted Yield

��� �

σ � �� � � 	 �
 � �
 � 
 � � � � � � � �
 � �

� � ��� � � � � � � � � � � � � �� �

• Upper limit on branching fraction obtained using “CLs
method”.

• Likelihood estimator Q is defined to be the fitted signal yield

BR(B→�τ�ν�) < 6.7 ×� 10-4 at 90% CL

�� �� �� ��  �! "#$ %& � '(� ) *+, +- +. / 0
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Comparison of Comparison of BaBarBaBar and Belle and Belle 
ResultsResults

2.402.40××101055 (~1714/fb(~1714/fb--11))1.681.68××10105  5  (~2051/fb(~2051/fb--11 ))Tag B YieldTag B Yield

14014081.981.9Dataset (fbDataset (fb--11))

BelleBelleBaBarBaBar

• Belle has preliminary results on B→τν searches on a data set of 
140 fb-1

• For tag side hadronic B decay modes are used
• On the recoil both leptonic and hadronic τ decay modes are looked 
for 

τ�→�(e, µ�)νν� �, τ�→�(π�, ππ� �0, ππ� �π�)ν�

• Belle’s analysis is similar to BaBar’s hadronic tag analysis.   
• Here we compare the eff iciencies, background estimations and 
yields between the two analyses.
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1515

77

44

22

00

22

ObsObs. Events. Events

17.217.2±

�

±

�

2.12.1±

�

±

�

1.31.310.510.5±

�

±

�

0.20.2allall

10.010.0±
�

±
�

1.61.6±

�

±

�

1.31.32.0 2.0 ±

�

±

�

0.10.1ππ� �ππ� �00ν�ν�

4.34.3±
�

±
�

1.01.0±
�

±
�

0.30.30.6 0.6 ±

�

±

�

0.10.1πππ� � �ν�πππ� � �ν�

1.31.3±

�

±

�

0.60.6±
�

±
�

0.20.22.6 2.6 ±

�

±

�

0.10.1π�ν�π�ν�

0.90.9±

�

±

�

0.50.5±

�

±

�

0.10.11.9 1.9 ±

�

±

�

0.10.1µ�νν� �µ�νν� �

0.70.7±

�

±

�

0.40.4±

�

±

�

0.10.13.4 3.4 ±

�

±

�

0.10.1eeνν� �νν� �

Expected Expected BkgBkg..SignalSignal--side efficiency (%)side efficiency (%)ModeMode

2828
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1010

ObsObs. Events. Events
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�
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�
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±
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%HOO � 5HVXOW �%HOO � 5HVXOW �
�,&+(
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