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MotivationMotivation
expected  expected  examples of examples of 

b c

decay ratesdecay rates

SSmall hadronic effects;mall hadronic effects;

SM amplitudesSM amplitudes

O(10-3-10-2) W 


B D(*)+
SSmall hadronic effects;mall hadronic effects;
theoretically clean.theoretically clean.

SensitiveSensitive to New to New 
Physics Physics O(10-4) 



b
u

W
B+ +



poorly known: multiplepoorly known: multiple ’s in final states’s in final states  experimentaly difficult !experimentaly difficult !poorly known: multiple poorly known: multiple ’s in final states’s in final states  experimentaly difficult !experimentaly difficult !



ExperimentalExperimental TechniquesTechniquespp qq


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

(4S)

BBtagtag

D*D*
rreconstrueconstrucctt

BBtagtag

e.g.   B D  
BBsigsig

(4S)signature:         signature:         
D*,l/D*,l/ + + 

invisibleinvisible

BBtagtag

at Bat B factories:factories:

T th d f B t tiB t ti

at Bat B--factories:factories:
ee++ee-- (4S) (4S) BBBB

Two methods of Btag reconstruction:

 Select Bsig candiate and check whether 
remaining particles consistent with B decay 

Btag reconstruction:

 BB event

 identify particles belonging to B g p y
(”inclusive” Btag reconstruction)

 Reconstruct Btag (in exclusive mode)                 
and check whether remaining particles

 identify particles belonging to Bsig

 kinematical constraints on Bsig

 and check whether remaining particles 
consistent with Bsig (”exclusive” Btag reconstruction)tagsig pp 





BB eventevent atat BB--factoriesfactoriesBB eventevent atat BB--factoriesfactories

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

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

ppmismis

Belle candidate evenBelle candidate eventt



BB
purely leptonic B decay: purely leptonic B decay: theoretically very cleantheoretically very clean,, SM BF:SM BF:

22

b
W

WW--mediated annihilationmediated annihilation
BubBm

m
l

mG VfmlBBF
B

lBF  
2222

8 ||)1()( 2

22

B decay constantB decay constant410)250201()(  BBF


u
W

yy410)25.020.1()(   BBF
Decay rate simply related to B meson decay constant fB and |Vub|

Sensitive to             Sensitive to             
Charged HiggsCharged Higgs

providingproviding ffBB is knownis known

b
u

H

HH effects to branching fractioneffects to branching fraction: : 

HSM rBBFBBF  



 )()(


u

mmbbtantan++mmcccotcot mmtantan
2

2 2
2(1 tan )B

H
H

mr
m

 

5Decay amplitude Decay amplitude  mmb b mm tantan22 W. S. Hou, PR D 48, 2342 (1993)



BB -- tag side tag side gg
Reconstruct Btag (in exclusive mode)

Reconstruct Btag in hadronic mode: Reconstruct Btag in semileptonic 
mode BD*0l :

E = Ei - Ebeami beam

MES= E2
beam-(pi)2

B candidates



BB -- signal sidesignal side

signal side signature:signal side signature:

X + X + nothingnothing

g gg g

EEECLECL: residual energy in calorimeter
for signal: for signal: EEECLECL  00

EEECLECL: residual energy in calorimeter
for signal: for signal: EEECLECL  00

X= X= ,,,(3,(3)), e, e, , 

gg ECLECLgg ECLECL

validate E C simulation using validate EECL simulation using 
BD*0l control sample

MMCC



BB -- resultsresults
449 M449 MBBBB



visible products of  decay Hadronic tag

81% of all modes

PRL 97, 251802 
(2006)hh = = ,,,(3,(3)), , ll = e= e, , 

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)

FIRST FIRST 
EVIDENCEEVIDENCE

signalsignal backgroundbackground



BB -- resultsresults
657 M657 MBBBB



D(*)l  tag
hep-ex/0809.3834

Preliminary

BD*0l control sample

visible productsbackgroundbackground

hh = = , , ll = e= e, , 

of  decay

,, ,, 







B ( ) (1 65 ) 10   

Nsig = 154      (stat)        (syst)
 B (→) = (1.65                )x10

  

3.8
Obtained Br(B-D*0l) = 6.0±0.2 (stat) %



BB -- resultsresults

PRD RC 81 051101 (2010)PRD RC 77 011107 (2008)

Hadronic tag Semileptonic tag
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Hadronic tag (383MBB) B (→) = (1.8 ±0.4 ±0.2 )x1029
 8

Hadronic tag (449MBB)B (→) = (1 79 )x1025646
49 1

Semileptonic tag (459MBB) B (→) = (1.7±0.8 ±0.2 )x102

Semileptonic tag (657MBB)B (→) = (1.65 )x1023835
 37 37

Hadronic tag (449MBB)B (→) = (1.79 )x10 2
 49 51



BB -- resultsresults

Based on fB from HPQCD and |Vub| from

HFAG (BLNP ICHEP08)HFAG (BLNP,ICHEP08)



BB -- resultsresults

Output of a CKM fit without including
B in the fit (CKM fitter, Beauty 09)
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BBDD(*)(*)

b c b
mmbbtantan++mmcccotcot

W 


b c
H 



b c
 mmtantan

Alternative theory uncertainties: 

- free from fB, depends on the BBDD(*)(*) formfactors;
- |Vcb| cancels out in the ratio R =BF(BBDD)/ )/ BF(BBDlDlll))

 3-body decay  more observables;
q2-distribution,  polarization, D* polarization; possible O(1 )effects from NP

i l i BF(b ) (2 48 0 26)% f LEP PDG 2007inclusive BF(bc) = (2.48 0.26)%  from LEP PDG 2007
A. Cornell et al., arXiv:0906.1652 [hep-ph]
Universality between :H-b-u vertex measured in B y 

H-b-c vertex measured in  B D
H-b-t vertex  measured in direct production by LHC.



BBDD(*)(*)++
rreconstrueconstrucctt BBtagtag verify Btag gg

inclusivelyinclusively
clean signature
DD**-- ee++ ++ pp Control sample : Etag = Ei - Ebeam



reconstruction

DD ee++ + + ppmismis

Signal MC

Control sample : 
B0

sig  D*- +Mtag = E2
beam-(pi)2

Signal MC apply all the tag-side 
selection criteria

MC
Data



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

background suppressionbackground suppression

−

g ppg pp

  e

EEvisvis XXmmisisMCsignal

(3)

MC MC

signalsignalother B dec.
ti

D*e 
D**e 

XXmismis>2>2..7575
Xmis

continuum

exploit signalexploit signal--side variables:side variables: visible energy:EEvisvis<8<8..3 3 GeVGeV
Xmis(Emis – |pD* + pe/|)/|pB|

missing mass:   MM
2  (Emis)2 – (psig – pD* – pe/)2

virtual W mass: MW
2  (Eb – ED*)2 – (psig – pD*)2

exploit signalexploit signal side variables:side variables: gy visvis

EmisEbeam-ED*-Ee: 11..9<E9<Emismis<2<2..6 GeV6 GeV
W ( b D ) (psig pD )



BB00DD**--++ -- resultsresults
535 M535 MBBBBSIGNAL YIELDSIGNAL YIELD Ns= 60+12

-11 6.7 (5.2 with syst.)
from a combined maximum likelihood fit (with a single BF) to 3 Mtag distributions

combined data FIRST OBSERVATIONFIRST OBSERVATION

PRL 99, 191807 
(2007)

20.40
0.37 102.02 

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

CROSSCROSS--CHECKSCHECKS

DATAMmis2

combinatorial peaking 
bckgr.
signal MC

background
p g

background   
(D*-e)

2



BB++DD(*)0(*)0++
657 M657 MBBBBExtensionExtension of of thethe same same analysisanalysis for for 

BB++ dd
•• D*D*00↔ ↔ DD0 0 crosscross--feedsfeeds  simultaneous extraction of signals insimultaneous extraction of signals in BB++DD*0*0++ andand

BB++ decaysdecays..
DD DD crosscross--feeds feeds  simultaneous extraction of signals insimultaneous extraction of signals in BB DD   andand
BB++DD00++ ;;

•• signal extraction from UML fit tosignal extraction from UML fit to 22 observableobservable MMtagtag and Pand PDD00signal extraction from UML fit to signal extraction from UML fit to 22 observable observable MMtagtag and Pand PDD00
(P(PDD00 = momentum of= momentum ofDD00 in in (4S) rest frame)(4S) rest frame);;

• simultaneous fit to 13 decay chains with floating 2 signal BF’s and simultaneous fit to 13 decay chains with floating 2 signal BF’s and y g gy g g
13 background normalizations; 13 background normalizations; 

Signal sub-decay modes: 
D*0 D00D 0  D00

  e,D0  K+-

  e,D0  K+-0

D0 K+  ,  D0  K+-

  ,D0  K+-

  ,D0  K+-0



BB++DD(*)0(*)0++ -- analysisanalysis

R2

using experimental distributions in sidebands

EvisEtag



BB++DD(*)0(*)0++ -- resultsresults
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BB++DD*0*0++ BB++DD00++
hep-ex/1005.2302 
submitted to PRL
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BB++DD(*)0(*)0++
PRL 100, 021801 (2008)

PRD 79, 092002 (2009)

15.5 ± 7.215.5 ± 7.2                                                                  



BB++DD(*)0(*)0++
PRL 100, 021801 (2008)

PRD 79, 092002 (2009)

Plep distributions

15.5 ± 7.215.5 ± 7.2                                                                  



BB++DD(*)0(*)0++



BB++DD(*)0(*)0++
hep-ex/0910.4301 
Belle Preliminaryy



Summary ofSummary of BB++DD(*)0(*)0++

Overlap between „inclusive” and „exclusive” Btag reconstruction Belle analysis is negligible ( ~.2%)

1005.2302[hep-ex] BB++DD*0*0++ and PRL 99,191807(2007) BB00DD**--++

Belle preliminary 0910.4301[hep-ex] BB++DD*0*0++

Babar PRL 100 02180(2008)

„inclusive” Btag reconstruction 
„exclusive” Btag reconstruction 

Babar PRL 100,02180(2008) 

C.-H. Chen and C.-Q.Geng, JHEP 0610, 053 (2006) 



SUMMARYSUMMARY
Rich program of BEmis studies is being pursued in B-factories

MeasurementsMeasurements of (semi)tauonicof (semi)tauonic--B decays are now well establishedB decays are now well established andand provide provide ( )( ) yy pp
constraints on charged Higgs sector that are competitive withconstraints on charged Higgs sector that are competitive with direct searches;direct searches;

high luminosity Bhigh luminosity B--factories made possible studies of B meson decaysfactories made possible studies of B meson decays to final to final 
states withstates with  leptons;leptons;states with states with --leptons; leptons; 

measured BF’s are consistent within experimental uncertainties withmeasured BF’s are consistent within experimental uncertainties with
expectationsexpectations of the SM but:of the SM but:

large BF(Blarge BF(B))
large BF(Blarge BF(BD*D*))

Looking forward for the Belle results with full data sample of 772 M BB, Looking forward for the Belle results with full data sample of 772 M BB, it has it has 
been reprocessed with much improved charged particlebeen reprocessed with much improved charged particle ttrackingracking..

and to Super Band to Super B--factoriesfactories
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BB+/0+/0DD(*)(*)--++
Semileptonic vs purely leptonic



Belle ExperimentBelle Experimentpp

1.3 million B B pairs / day

_

p / y

Total ~770  106 B B pairs

_



BB++DD(*)0(*)0++ Background Background 


