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SensitiveSensitive to New to New 
PPhhysicsysics

O(10-2)

O(10-4)

MotivationMotivation
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W

W 
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b c
B0 D*-+

B+ +

expectedexpected decaydecay 
ratesrates

SSmallmall hadronichadronic effectseffects;;
ttheoreticallyheoretically cleanclean..

examplesexamples of of 
SM SM amplitudesamplitudes

poorly known: multiple poorly known: multiple ’’s in final statess in final states 
 

experimentally difficult !experimentally difficult !
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Belle event reconstructionsBelleBelle eventevent reconstructionsreconstructions

BB++ 
tagtag DD00((KK++ -- ++ --))++

BB-- 
sigsig  –– ((ee--))

ppmismis

ee++ee-- (4S) (4S) BBBB
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ExperimentalExperimental TechniquesTechniques

(4S)

BBtagtag





D*D*

Two ways of Btag reconstruction:



 
Reconstruct

 
Btag

 

(in exclusive
 

mode)                        
and check

 
whether

 
remaining

 
particles

 
consistent

 with
 

Bsig

 

(„exclusive” Btag reconstruction)



 
Select

 
Bsig

 

candiate
 

and check
 

whether
 remaining

 
particles

 
consistent

 
with

 
B decay

 („inclusive” Btag reconstruction)

Btag reconstruction:

 BB event

 which
 

particles
 

belong
 

to Bsig

 kinematical
 

constraints
 

on Bsig

signature:         signature:         
D*,lD*,l/h/h + + 

invisibleinvisible

rreconstrueconstrucctt
BBtagtag

atat BB--factoriesfactories::
ee++ee-- (4S) (4S) BBBB

B decay with missing energy 
e.g.   B+D*0

BBsigsig
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H

BB




b
u

W 


b
u

purelypurely leptonicleptonic B B decaydecay: : WW-- 
mediatedmediated annihilationannihilation

SensistiveSensistive toto ChargedCharged HiggsHiggs

mmbb tantan++mmcc cotcot mm

 

tantan

DecayDecay amplitudeamplitude  mmbb mm

 

tantan22

2
2 2

2(1 ta n )B
H

H

mr
m

 

HH

 
effects effects on on thethe branching fractionbranching fraction: : 

HSM rBBFBBF  



 )()(

providingproviding ffBB is knownis known

W. S. Hou, PR D 48, 2342 (1993)
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BB  -- methodmethod
XX= = ,,,(3,(3)), e, e, , 

E = Ei

 

- Ebeam

Mbc/tag

 

= E2
beam

 

-(pi

 

)2 (4S) 

BBtagtag XX

B

 

candidates

788K B 788K B 

  (*)
s1

(*)0 /D/a/ρπDB

X + X + nothingnothing

Reconstruct Btag in hadronic mode:

signalsignal signaturesignature::

Mbc [GeV/c2]

EECL : residual energy in 
calorimeter 

for signal: EECL 

 
0

EEECLECL : residual energy in 
calorimeter

for for signalsignal: : EEECLECL 

 
00

535 535 MMBBBB
MMCC
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81% of all modes

449 449 MMBBBB
PRL 97, 251802 

(2006)

BB
 

-- analysisanalysis

(4S) 

 


ll

BBtagtag h/h/ll

 


hh = = ,,,,(3(3)), , ll = e= e, , 

visible
 

products of 
 

decay

validate EECL simulation using 
BD*0l

 
control sample

signalsignal backgroundbackground

FIRST FIRST 
EVIDENCEEVIDENCE

5.3
4.717.2

Find signal events from a fit to a 
sample of 54 events.
4.6

 
stat. significance 

 
3.5 (syst. included)
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657 657 MMBBBB
arXiv: 0809.3834

BB
 

-- analysisanalysis

(4S) 

 


ll

BBtagtag h/h/ll

 


hh = = ,, ll = e= e, , 

visible
 

products of 
 

decay

signalsignal

backgroundbackground





Nsig = 154      (stat)        (syst)

NEW  with 3.8

D(*)l 
 

Semileptonic tag

BD*0l
 

control sample

40.35
0.37

0.38
0.37 101.65 





  ))()(()( syststatBBF 
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±H

 / mβtan 
0 0.1 0.2 0.3

Hr

0

1

2

3

4

±H
 / mβtan 

0 0.1 0.2 0.3

Hr

0

1

2

3

4

2
2 2

2(1 tan )B
H

H

mr
m

 

Constraint on Charged Higgs

435.038.0
37.037.0 10)65.1() 

 (BB
412.0

11.0 10)93.0() 
  SM(B B

SM expectation from other experimental 
constraints by CKMfitter

95% C.L.

βtan 
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βtan 
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)2
 M
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(G
eV

/c
±

H

0

200

400
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1000

LEP Excluded (95% C.L.)

Tevatron Run I
Excluded (95% C.L.)

Complementarity
 

to hadron
 

colliders

rH

 

=1.770.65
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BB+/0+/0DD(*(*))--++
Semileptonic

 
vs

 
purely

 
leptonic
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BB00DD**--++
 

-- incinclusivelusive B B tagtag recrec
535 535 MMBBBB

SIGNAL YIELDSIGNAL YIELD Ns = 60 +12
-11 6.7

 
(5.2

 
with syst.)

combined data

FIRST OBSERVATION FIRST OBSERVATION -- 20072007
20.40

0.37 102.02 


  ))(37.0)(()( *0 syststatDBBF

combinatorial 
background

peaking 
background 

(D*-e) 2

bckgr.

DATA
signal

MC

Mmis
2

PRL 99, 191807 
(2007)

2
/

2
/

2 )()( (*)(*) hlDtaghlDbmis pppEEEM 




D(*) decay modes

τ

 
decay

 
modes:

PCM

 

(τ→X)

e,μ

 
with lower momentum

Main background: 
Semileptonic

 
B decays

 
( D(*)lν

 
)

-signal
-Dlν
-D*lν
-Other BG

ar
bi

tra
l

BBDD(*(*))++
 

-- excexclusivelusive B B tagtag recrec

- Btag

 

reconstructed exclusively in hardonic
 

modes

- Bsig

 

the
 

following
 

decay
 

chains
 

are
 

considered

NEW

Analysis Strategy:

Reconstruct B→D(*)lν、B→D(*)τνto
 

obtain

The method similar to BABAR analysis arXiv:0902.2660



Extract signal from 2D fit in missing mass squared
 

(MM2) and extra calorimeter Energy(EECL)

MM2 EECL

Separate
 

D(*)lν

 and signal

Dτν

 
Signal

 
extraction

e
ve

n
ts

/
0
.1

G
e
V

-signal
-Dlν
-D*lν
-Other BG

-signal
-Dlν
-D*lν
-Other BG

ar
bi

tra
l

BBDD(*(*))++
 

-- excexclusivelusive B B tagtag recrec

No remaining 
particles

NEW



B+/0→D(*)lνReconstruction

signal yield 

B+→Dlν B+→D*lν●data
-

 

all fit
- signal 

(Dlν)
-

 

cross feed
(D*lν)

●data
-

 

all fit
- signal 

(Dl*ν)

-

 

cross feed
(Dlν)

Belle prelim
inary

e
ve

n
ts

/
0
.0

2
G

e
V

2
/
c

4

e
ve

n
ts

/
0
.0

2
G

e
V

2
/
c

4

B0→Dlν B0→D*lν●data
-

 

all fit
- signal 
(Dlν)
-

 

cross feed
(D*lν)

●data
-

 

all fit
- signal 
(Dl*ν)
-

 

cross feed
(Dlν)

e
ve

n
ts

/
0
.0

2
G

e
V

2
/
c

4

e
ve

n
ts

/
0
.0

2
G

e
V

2
/
c

4

N(B+→Dlν) = 1156±44(stat)
N(B+→D*lν) = 2152±76(stat)

N(B0→Dlν) = 338±21(stat)
N(B0→D*lν) = 769±35(stat)

MM2 distributions P cut

NEW

657 657 MMBBBB



Results B+→D(*)τν

MM2

EECL
MM2

EECLMM2

B+→Dτν

B+→D*τν

•Plots are projections
 

in the signal 

enhance region

Nyield Σ

clear signal
 

seenGeVGeV2/c4

GeVGeV2/c4

e
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n
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G
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e
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n
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/
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.1

G
e
V

●data
- Dτν
- D*τν
- BG

●data
- Dτν
- D*τν
- BG

●data
- Dτν
- D*τν
- BG

●data
- Dτν
- D*τν
- BG

(EECL<0.2GeV)

(EECL<0.2GeV) (MM2>2.0GeV2/c4)

(MM2>2.0GeV2/c4)

Belle prelim
inary

０

signal 
region

-2

NEW

)9.3(8.99 2.22
3.22* 





 DBN

)8.3(6.98 3.26
0.25 





 DB
N



Results B0→D(*)τν

Nyield Σ

MM2

EECLMM2

EECL
MM2

B0→Dτν

B0→D*τν

GeVGeV2/c4

GeVGeV2/c4

e
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/
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e
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/
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e
V

●data
- Dτν
- D*τν
- BG

●data
- Dτν
- D*τν
- BG

●data
- Dτν
- D*τν
- BG

●data
- Dτν
- D*τν
- BG

(EECL<0.2GeV) (MM2>2.0GeV2/c4)

(EECL<0.2GeV) (MM2>2.0GeV2/c4)

Clear signal
 

seen

•Plots are projection in the signal 
enhance region

Belle prelim
inary

NEW

)7.4(0.25 2.7
3.6*0 





DBN

)6.2(2.17 7.7
9.60 






DB

N



Determination of R(D(*))
 

and BF

Deviation from the SM 
expectation

B+→Dτν: 1.6σ
B0→Dτν: 0.5σ Consistent within errors

Branching fraction

Belle prelim
inary

)[%]0.102.56

[%]0.223.04

[%]0.101.01

[%]0.151.51

0.31
0.22

0.75
0.66

0.40
0.47

0.69
0.66

0.13
0.11

0.46
0.41

0.24
0.19

0.41
0.39

error BR )()()(

error BR )()()(

error BR )()()(

error BR )()()(

*0

0*

0

(D(*)l υsyststatDBBF

)(D(*)l υsyststatDBBF

)(D(*)l υsyststatDBBF

)(D(*)l υsyststatDBBF

























































NEW
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Br[%]

Babar
 

full reconstruction tag :

Statistical
 

errors
 

only

Comparison
 

with
 

others
 

results



SUMMARYSUMMARY

Rich program of BEmis

 

studies is being pursued in Belle
BB

• first evidence (3.5) of purely leptonic
 

B decay (hadronic
 

tag)

• new result with semileptonic
 

tag (3.8)

• constraints on H competitive with direct searches

 BBDD((**))
• new results with "exclusive" Btag

 

reconstruction method are
 

presented.

• observation (5.2) of inclusive B decay in the B0D*-
 

mode
 

Belle
 

and

B-D*0

 

mode
 

for Babar.

LookingLooking forwardforward to Super to Super BB--factoryfactory



Backups



KEKB / BelleKEKB / KEKB / BelleBelle

BB++ 
tagtag DD00((KK++ -- ++ --))++

BB-- 
sigsig  –– ((ee--))

8 8 GeVGeV ee-- 
 

3.5 3.5 GeVGeV ee++

Lpeak = 1.781034

Integ. Lum. ~850 fb-1

ppmismis

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



Status of KEKB and Belle:

KEKB/Belle will resume in April/09 and run through the fall09

Have ~50 fb-1 on 
the 5S. Bs

 

physics
In addition,  5 fb-1

 

on 1S, 
7fb-1 on the 2S

Lpeak

 

~ 1,78 x 1034/cm2/sec (crossing angle) 

Lpeak

 

~ 1,68 x 1034

 

/cm2/sec (crabs+lower
 

current)

1ab-1

World’s Highest Luminosity



/KL detection
14/15 lyr. RPC+Fe

Central Drift Chamber
small cell +He/C2

 

H6

CsI(Tl)1
 6X0

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+

BelleBelle
 

detectordetector: : multimulti--purposepurpose, , largelarge--solidsolid--angleangle
 magneticmagnetic

 
spectrometerspectrometer



H

BB




b
u

W




b
u

purelypurely leptonicleptonic B B decaydecay: : WW-- 
mediatedmediated annihilationannihilation

theoreticallytheoretically veryvery cleanclean,, SM BF:SM BF:

BubBm
m

l
mG VfmlBBF

B

lBF  
2222

8 ||)1()( 2

22

B B decaydecay constantconstant410)40.059.1()( 


 BBF
fB

 

=0.2160.022 GeV from LQCD HPQCD Collab., PRL 95, 212001 (2005)

SensistiveSensistive to to ChargedCharged 
HiggsHiggs

mmbb tantan++mmcc cotcot mm

 

tantan

DecayDecay amplitudeamplitude  mmbb mm

 

tantan22

2
2 2

2(1 ta n )B
H

H

mr
m

 

HH

 
effects to branching fractioneffects to branching fraction: : 

HSM rBBFBBF  



 )()(

providingproviding ffBB is knownis known

W. S. Hou, PR D 48, 2342 (1993)



BB00DD**--++  
 
-- methodmethod

Signal sub-decay modes: 
D*- D0-


 

 e,D0  K+-


 

 e,D0  K+-0


 

 ,  D0  K+-

(4S)



rreconstrueconstrucctt BBtagtag inclusivelyinclusively

BBtagtag

clean signature
DD**-- ee++ + + ppmismis


 

not used;                  (-
 ID inefficient for soft leptons)

Signal MC

Control sample : 
B0

sig  D*- +
Q = 0, no 
extra leptons, 


 
Npp = 0

-0.25 GeV<Etag <0.05 GeV


 



ee
DD**

 Etag

 

= Ei

 

- Ebeam

Mtag

 

= E2
beam

 

-(pi

 

)2

apply all the tag-side 
selection criteria

verify Btag 
reconstruction

MC
Data



BB00DD**--++
 

-- incinclusivelusive B B tagtag recrec
535 535 MMBBBBSIGNAL YIELDSIGNAL YIELD 

from a combined maximum likelihood fit (with a single BF) to 3 Mtag distributions
Ns = 60 +12

-11 6.7
 

(5.2
 

with syst.)

combined data FIRST OBSERVATION FIRST OBSERVATION -- 20072007
20.40

0.37 102.02 


  ))(37.0)(()( *0 syststatDBBF

combinatorial 
background

peaking 
background 

(D*-e)

CROSSCROSS--CHECKSCHECKS
 seaparate fits to sub-channels
 check look-back plots
 signal yield from signal-side varibales

2

bckgr.

DATA
signal MC

Mmis
2

cos12

e, DK

 

2.44 -0.65

 

%+0.74

e, DK0 1.69 -0.74

 

%+0.84

, DK

 

2.02 -0.61

 

%+0.68

e, 1.83 0.43% 

combined 1.90 0.35% 
,      1.96 0.41%

, 2.05 0.56%

combined 2.02 -0.37 0.37%+0.40

Mtag

Mmis
2

channel        BF     fit variableSM

PRL 99, 191807 
(2007)
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Tag side- exclusive rec.

fully reconstruct

 
B0,B+ 657x106BB

(Belle preliminary) (Belle preliminary)

Total
B+→147 modes
B0→133 modes

B+ B0

Beam constraint Mass :

N=6.05x105

eff. = 0.18%
Purity = 51%

N=1.01x106

eff. = 0.31%
Purity = 58%
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Significance of signal yield

B+→Dτν
 

: 3.8σ

B+→D*τν
 

: 3.9σ

B0→Dτν: 2.6σ

B0→D*τν
 

: 4.7σ

Σsyst

-Statistical error only
- Statistical + systematic

(Belle preliminary)

signal yield

signal yield

signal yield

signal yield

(First evidence)

NEW



Systematic error

source B+→Dτν[%] B+→D*τν[%]

MM2

 

shape +9.1/-7.9 +10.0/-5.8

EECL

 

shape +10.6/-7.6 +7.0/-9.7

Br(B→D**lν) ±0.4 +0.8/-0.0

D⇄D* cross feed +7.1/-6.9 +5.1/-5.3

Br(τ→lνν) ±0.3 ±0.3

Total 15.7/-12.9 +13.2/-15.4

source B0→Dτν[%] B0→D*τν[%]

MM2

 

shape +6.4/-5.8 +5.8/-6.1

EECL

 

shape +9.0/-7.3 +9.8/-5.0

Br(B→D**lν) +4.5/-2.6 +0.6/-0.3

D⇄D* cross feed +5.8/-6.0 +3.5/-3.4

Br(τ→lνν) ±0.3 ±0.3

Total +13.3/-11.4 +12.0/-8.6
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