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CKMMeasurementsinSemileptonicBDecays
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Complication!

QCDCorrectionsareneeded

toextractweakdecayphysics
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Formfactorsneededfromtheory

(LQCD,LCSR,quarkmodels)
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B→Xu`νFormFactors

B→π`νB→ρ`ν
d   /dq
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Formfactorcalculationsarechallenging(non-perturbativeQCD)

Shapesvary−→modeldependence

Newanalysiswhichbinsinq2toreducemodeldependence

Normalizationofformfactorshasalargeuncertainty.
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ExperimentalChallengesinb→u`ν

FromLeibovichhep-ph/0011181
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Largeb→c`νbackgrounds

•Signalis1%ofbackground!

•Suppressusingkinematics

Approaches:

•ExclusiveReconstruction

+Constraintsfromfullrecon

•InclusiveReconstruction

+Kinematiccuts(%ofrate)

–E`&2.2GeV(13%)

–q2&12GeV2(20%)

–MX.MD(70%)

Bothapproachescurrentlysuffer

fromlargeuncertainties

•Exc:Poorlyknownformfactors

•Inc:Effectofkinematiccuts

(...notveryinclusive!)
−→Importanttopursuebothinclusiveandexclusivemeasurements.
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NeutrinoReconstruction

Useshermeticityofdetector(CLEO93%of4π):
•Emiss=2Ebeam−

∑

iEi

•~pmiss=−
∑

i~pi

•~pν≡~pmiss;Eν≡|~pmiss|

(betterresolutionthanEmiss)

•σ(~pν)≈110MeV/c

ν

µ

π

Other B daughters

Givespowerfulkinematicconstraintsforfullreconstruction:

Mm`ν=

√

E2
beam−|α~pν+~p`+~pm|

2

∆E=(Eν+E`+Em)−Ebeam

whereαischoseneventbyeventtoforce∆E=0

Energyandmomentumconservation:∆E≈0,Mm`ν=MBforsignal

Reject“ghost”tracks&showerfragmentsfromhadronicinteractions.
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ExclusiveB→[π,ρ,ω,η]`
+
νReconstruction

Mesons(7modes)

•π±andπ0→γγ

•ρ0→π+π−andρ±→π±π0

•ω→π+π−π0

•η→π+π−π0andη→γγ

Leptons(2flavors)

•Electronsormuons(ε≥90%;fakeratese≈0.1%,µ≈1%)

•Requirep`≥1.0(1.5)GeV/cinP(V)modes

•Vetoadditionalidentifiedleptons(implyadditionalν!)

Neutrinos

•Fromneutrinoreconstruction;M
2
ν=E

2
miss−p

2
missconsistentwith0
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SimultaneousMaximum

LikelihoodFit

•∆E,Mm`νvariables

•7signalmodetopologies[π,ρ,ω,η]`ν

•Isospin&quarksymmetryconstraints:

–Γ(π−)=2Γ(π0)

–Γ(ρ−)=2Γ(ρ0)=2Γ(ω)

•3q2binsforπandρ

•Neteventcharge|∆Q|=0,1

•Accountsforcrossfeed
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8 < q2 < 16 GeV2 I
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B→π`
+
νq

2
binning

Projectionsshow∆Q=0

(|∆Q|=1alsoinfit)

•pointson-resonancedata

•openhistogramsignal

•redhistogramcrossfeed

fromVorηmodes

•yellowB→Xu`νother

•cyanfakes

•dottedcontinuum

•hatchedb→c

Clearsignalsinall3q2bins
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3600203-012
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+
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2
binning

CentralMππbin(95MeV)

p`>1.5GeV/c

•pointson-resonancedata

•openhistogramsignal

•coarsehatchedcrossfeed

fromotherVmodes

•redhistogramcrossfeed

fromπorηmodes

•yellowB→Xu`νother

•cyanfakes

•dottedcontinuum

•finehatchedb→c
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ResultsforBranchingFractions

ModeBq2interval×10−4

B0→π−`+νBtotal1.33±0.18±0.11±0.01±0.07

B<80.43±0.11±0.05±0.004±0.01

B8−160.65±0.11±0.07±0.01±0.03

B≥160.25±0.09±0.04±0.01±0.03

B0→ρ−`+νBtotal2.17±0.34
+0.47
−0.54±0.41±0.01

B<80.43±0.20±0.23±0.09±0.01

B8−161.24±0.26
+0.27
−0.33±0.22±0.004

B≥160.50±0.10
+0.08
−0.11±0.19±0.004

B+→η`+νBtotal0.84±0.31±0.16±0.09

Errorsarestatistical,systematic,andtheoryfromπ&ρFormFactors

EvidenceforB→η`νat3.2σstatisticalsignificance

RateconsistentwithexpectationsfromB→π`ν&quarkmodel
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B→π`ν
dΓ
dq

2Fit

MeasuredRatesinq2bins

fittotheorydΓ/dq2

Normalizationgives|Vub|

ShapetestsFFmodels

3differentFFsused

•Ball01LCSR

•ISGWII

•SkewedPartonDist.

ISGWIInotfavored

(CL=3%)

Forπ`νverylittlemodeldependencefromFFshape.

AllmodelshavelargeuncertaintyforFFnormalization.

3FFsgive3valuesfor|Vub|.
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UKQCD '98

B→ρ`ν
dΓ
dq

2Fit
4differentFFsused

•Ball98

•ISGWII

•Melikhov00

•UKQCD98

Largermodeldependence

onrates

Agreementnotasgood:

note1stbin
Efficiencycorrectedyieldsinq2binsfittodΓ/dq2
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Extractionsof|Vub|fromB→π`ν

All q
2

q
2 

< 16 GeV
2

Average of LQCD + LCSR 

Ball '01
KRWWY
SPD
Average, all q2

Lattice QCD
FNAL '01
JLQCD
APE 
UKQCD '00

Average,

LCSR
Ball '01
KRWWY

Average,q
2
 < 16 GeV

2

3600103-003

II+ Vub     10
3

2.06.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

: LQCD + LCSR +

: LQCD + LCSR

q
2
 > 16 GeV

2

I

(q
2
 > 16 GeV

2) I

Alternatives:

•Fromfitstoratesinq2bins

•Fromlargeq2usingLQCD

•Fromsmallq2usingLCSR

•Theoryuncertaintiestakenas

70%ofspreadexcept...

LatticeQCD,ascitedplus

15%quenchinguncertainty

WesuggesttheaverageofLQCDandLCSRasourcentralresult.
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Extractionsof|Vub|fromB→ρ`ν

All q
2

q
2
 < 16 GeV

2

Average of LQCD + LCSR

Ball '98

Average, all q2

Lattice QCD

UKQCD '98

LCSR

II+ Vub     10
3
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Ball '98

UKQCD '98

Melikhov '00

ISGW II

: LQCD + LCSR

: LQCD + LCSR +

3600303-015

q
2
 > 16 GeV

2

I

AgainasB→π`ν:

•Fromfitstoratesinq2bins

•Fromlargeq2usingLQCD

•Fromsmallq2usingLCSR

•Theoryuncertaintiestakenas

70%ofspreadexcept...

LatticeQCD,ascitedplus

20%quenchinguncertainty—

Broadρismoredifficultthan

πonthelattice.

WesuggesttheaverageofLQCDandLCSRasourcentralresult.
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Results:ReportingaverageofLQCDandLCSRresultsasmostreliable

B→π`ν:|Vub|=(3.24±0.22±0.13
+0.55
−0.39±0.09)×10−3

B→ρ`ν:|Vub|=(3.00±0.21
+0.29
−0.35

+0.49
−0.38±0.28)×10−3

Combined:|Vub|=(3.17±0.17
+0.16
−0.17

+0.53
−0.39±0.03)×10−3

+18%-14%measurementof|Vub|,dominatedbytheoryuncertainty

Differencescomparedto1996CLEOanalysis(superseded):

•lowerleptonmomentumcutπat1.0ρat1.5GeV/c

•morestatisticsallowingq2binninggivinglessmodeldependence

•theoryformfactorsLQCDandLCSR

Compatiblewithothermeasurements:

•CLEOinclusive|Vub|=(4.08±0.34±0.44±0.29)×10−3

•Otherexclusivemeasurements:(CLEO,Belle,BaBar)

(tobesubmittedtoPRD)
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BF(B
0
→π

-
l
+
ν)x 10

-4

CLEO03(πlν)

BELLE02(πlν)

BELLE01(πlν)

CLEO96(πlν)

0.511.522.533.544.5

BF(B
0
→ρ

-
l
+
ν)x 10

-4

CLEO03(ρlν)
BaBar03(ρlν)

CLEO00+96(ρlν)
CLEO00(ρlν)
CLEO96(ρlν)

0.511.522.533.544.5

|Vub|x 10
-3

LEPavg(Inc)
BaBar02(Inc)
CLEO02(Inc)

CLEO03(π,ρlν)
BaBar03(ρeν)

BELLE02(πlν)
CLEO00+96(π,ρlν)

22.533.544.555.56
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Systematicerrors(%)onbranchingfractions

π`νρ(ω)`ν

q
2

interval(GeV
2
)q

2
interval(GeV

2
)

SystematicBtotal<88−16≥16Btotal<88−16≥16η

νsimulation6.810.59.217.218.741.719.413.517.3

b→c`ν1.72.51.93.22.021.44.74.25.5

b→u`νfeeddown0.53.01.81.98.323.86.15.61.6

Cont.smoothing1.02.00.22.03.010.01.02.02.0

Fakes3.03.03.03.03.03.03.03.03.0

f+−/f002.42.62.32.20.02.51.00.14.1

τB+/τB00.20.10.30.52.14.21.42.11.4

Isospin0.00.00.00.22.41.92.72.30.1

LeptonID2.02.02.02.02.02.02.02.02.0

Luminosity2.02.02.02.02.02.02.02.02.0

Upper8.612.410.718.321.453.921.516.219.3

NonResonant––––-13-9-15-14

Lower8.612.410.718.325.154.726.221.419.3

Dominantuncertainty:neutrinoreconstruction/simulation
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Dominantsystematics(in%)fromνreconstruction

variationπ
−

`
+

νρ
−

`
+

νη`ν

totalq
2
<8q

2
8−16q

2
>16totalq

2
<8q

2
8−16q

2
>16total

γeff.2.606.982.669.0911.1111.8511.1410.605.66

γresol.4.072.875.362.332.913.682.344.249.62

KLshower1.251.041.351.446.008.387.211.552.74

ParticleID1.852.503.046.258.1627.456.931.060.18

Splitoffrejection1.522.923.055.031.239.441.802.545.50

trackeff.3.694.454.192.568.6413.279.533.399.46

trackresol.1.011.772.4411.196.2212.746.012.660.92

splitoffsim.0.401.350.532.311.0310.370.974.676.02

KLproduction0.180.110.210.390.110.840.090.320.12

νproduction0.523.462.181.950.5915.064.120.882.93

Total6.7610.469.2017.1918.7341.7219.4313.5317.25
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