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Outline

Inclusive semileptonic decays
Updated hadronic-mass moments

 and mixed hadronic-mass and
-energy moments

HQE Fit

Exclusive semileptonic decays
Measurement of B-→  D*0e-ν

Exclusive semileptonic decays containing a  lepton
Measurement of B (B 0→  D  +) 

B (B -→  D 0)
and B (B  0→  D*+) 

B (B-→  D* 0)

Sensitivity to 
New Physics
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• Measurement of
hadronic mass, lepton energy moments in b  →cl
mixed hadronic moments

Photon energy moments in b  →s

depends on mb, mc and HQE parameters

HQE and Semileptonic B Decays
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Inclusive B X cl Hadronic Moments
1. Inclusive reconstruction in

tagged events with fully
reconstructed Breco meson,
quality checked with mES

2. Measure exactly one e/µ (qlepxqbreco < 0) in
remaining particles with pl* >0.8 GeV/c

3. All remaining particles combined to
inclusive Xc             system

4. Kinematic fit (2C):
• Energy- and momentum-conservation

• Emiss and pmiss consistent with neutrino
hypothesis1.

2.
3. mES   [GeV/c2]

Breco
e/µ required
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• Requirements on neutrino observables Emiss and pmiss

• Background (about 20%)
Combinatorial Breco → mES sideband

Breco correct, Bsl not signal
→ MC simulations

Extraction of Hadronic Moments

• Distortion of hadronic system:
Unmeasured particles

• Linear correction functions measured
on MC

applied event-by-event

•Main systematic uncertainties:
Reconstruction efficiency impact on

inclusive full event reconstruction

0.9<pl*<1.0
1.4<pl*<1.5
pl

*>1.9

232 M BB pairs
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HQE Fit

• 27 input moments

8 mass moments

13 El moments

6 photon moments
• further input: B

• 8 fit parameters

|Vcb|, mb, mc, Bsl

4 HQE parameters

Benson,Bigi,Mannel,Uraltsev, Nucl.Phys.B665:367; 
Gambino and Uraltsev, hep-ph/0401063, hep-ph/0403166

This measurement (open symbols
BABAR 2004  not fitted)

preliminary

BABAR, arXiv:0707.2670
[hep-ex] (2007)

measurements highly 
correlated
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Measurement of B-→  D*0e-ν

• Theory connects |Vcb| with the differential rate

•
•
• F(w) form factor expressed in terms

of D* helicity amplitudes
parametrized with
measured FF ratios R1(1),  R2(1)

and parameter related to slope
   at w=1: 2A1

• Branching fraction from

Caprini, Lellouch, Neubert
NPB530 (1998) 153

BABAR, hep-ex/0607067

So Far
•Mainly B0 decays
including a slow ±

 Independent B-
measurement  with
a slow 0
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Analysis for B-→  D*0e-ν

• Discriminating variables:

m =  m(K0)-m(K)

 

• Estimate for w

• Binned maximum likelihood fit to 3-dim.
distribution in
m, cos*BY , and  w

49 free parameters:
F(1)|Vcb |, 2

A1,

shapes and normalizations

Bsl

D*

D0π0 e
ν

γγ Kπ Y
* angle between B and D* in CM

˜
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Fit to B-→  D*0e-ν
• Fit Results

Obtained 2 (dof) = 4436 (4095)
No accumulation of high 2  in any

region

23500±330 signal events 

• Main background

 Misreconstructed B±0 D*±0e 
decays

    B De decays
 Combinatorial D*0

Other BG peaking in m: D** ,
 D*0 e    from different B mesons 

• Main systematic uncertainties

0 reconstruction efficiency
B(D*0→D00)
R1(1) and R2(1) for 2
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Results for B-→ D*0e-ν

good agreement

preliminary
BABAR, arXiv:0707.2655
[hep-ex] (2007)

Mainly B0 decays

lines of constant B
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Measurement of B→D(*)
• New physics accessible at tree level
• BFs calculated precisely

• Though BFs are large: Challenge

• Results for inclusive decays from 3 LEP experiments (PDG):

• Preliminary observation of B0→D*- by Belle:

• Measure four channels relative to decays with e/µ

Belle, arXiv:0706.4429
[hep-ex] (2007)

B→D yields more sensitivity
to New Physics

Chen, Geng, JHEP 0610, 053 (2006)
Falk et al., PLB 326,145 (1994)

W- / H-
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Reconstruction of B→D(*)
• Full event reconstruction allows use of
Breco - D

( *  ) flavor correlation
• Eextra  < 150-300 MeV (sum of additional

photons); no additional charged tracks

• Requirements on pmiss and q2

• Sensitivity in m2
miss =[pY(4S) - ptag -pD(*) -pl]

2

3 neutrinos result in m2
miss~ 2-8 GeV2/c4

• Main background from
D*e(µ) → peaks near zero in m2

miss

D** e(µ)   → accumulates in signal region
decays with a lost 0 and 
construction of D** control samples by

adding a 0

used to constrain D** background in signal
region
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Measurement of B→D(*)
• Discriminating variables: m2

miss and pl
• Perform extended unbinned maximum likelihood fit in

eight reconstruction channels
 Four signal channels + four D** control samples
18 free parameters in the fit

(16 event yields for signal & BG, 2 crossfeed constraints)

used for normalization for 

• Main systematic uncertainties:
Parametrization of PDFs and crossfeed constraints

Composition of combinatorial background

Extract simultaneously yields of

also combined fit with:
R(B0) = R(B+)  → isospin symmetry
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BABAR, arXiv:0707.2758
[hep-ex] (2007)

First Evidence for B→D

stat.     sys.    norm.
preliminary First

Evidence

1
agreement
with SM

consistent with

Belle
measurement

Combined Fit Results
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First
Evidence
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Summary
Inclusive semileptonic decays

Measurement of <mX
k>, k=1…6 and <(nX

2)k>, k=1,2,3

HQE Fit (kinetic scheme) to BABAR measurements yields

Exclusive semileptonic decays: B-→  D*0e -  ν

Measurement of B (B →  D) and B (B →  D*)

prelim
inary

prelim
inary

prelim
inary First Evidence

for B →D

BABAR, arXiv:0707.2655
[hep-ex] (2007)

BABAR, arXiv:0707.2670
[hep-ex] (2007)

First Observation

of B- →D*0

BABAR, arXiv:0707.2758
[hep-ex] (2007)



Backup Slides
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PEP-II and BABAR

e- (9GeV)

e+

(3.1 GeV)

DCH

EMCSVT

DIRC

1.5 T Solenoid

IFR
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Large Set of Hadronic Moments
Mass moments <mX

k> for k=1,…,6, pl,min =0.8….1.9 GeV/c

Mixed moments <(nX
2)k> for k=1,2,3, pl,min =0.8….1.9 GeV/c
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Hadronic Moments - Verification

before 

after calibration

• Extraction method uses inclusive b→cl mixture

• Verification on MC simulations with exclusive final states
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Systematic Uncertainties Moments

k=1

• main systematic uncertainty:
neutral selection efficiency → impact on full event rec.

b → ul background at high cuts on pl,min
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Data - HQE Comparison mass moments

mixed moments

• Hadronic mass moments:
‹mX

2› p*l,min = 0.9, 1.1, 1.3, 1.5 GeV/c
‹mX

4› p*l,min = 0.8, 1.0, 1.2, 1.4 GeV/c
• Lepton energy moments:

partial BF p*l,min = 0.6, 1.2, 1.5 GeV/c
‹El› p*l,min = 0.6, 0.8, 1.0, 1.2, 1.5 GeV/c
‹El

2› p*l,min = 0.6, 1.0, 1.5 GeV/c
‹El

3› p*l,min = 0.8, 1.2 GeV/c
• Photon energy moments (inclusive and semi-excl.):

‹E› Eg,min = 1.9, 2.0 GeV
‹E

2› Eg,min = 1.9 GeV
• B-meson lifetime

B =(1.585 ± 0.007) ps

This measurement (open symbols
BABAR 2004  not fitted)
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Results from HQE Fit

presented fit
fit without b →s

preliminary
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Systematic Uncertainties B-→  D*0e

preliminary
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Comparison Inclusive vs. Exclusive Vcb

with F(1) = 0.919±0.033

39.5±2.1

39.2±1.6

42.0±0.7

S. Hashimoto et al.,
Phys. Rev. D 66, 014503 (2002).
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Detailed Results for B→D(*)
preliminary

combined
fit

combined
fit

exclusive
channels

exclusive
channels

First
Observation

of B- →D*0

First Evidence

for B →D
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Fit Projections Lepton Momentum

Lepton momentum [GeV/c]

Lepton momentum [GeV/c]

Lepton momentum [GeV/c]

Lepton momentum [GeV/c]

D*0l

D*+l

D0l

D+l

cut on m2
miss > 1 GeV2/c4, 

projections for constrained fit
D*
D
D*l
Dl
D**l
comb. & 
charge xf
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Fit Projections Lepton Momentum

D*0l

D*+l

D0l

D+l

Lepton momentum [GeV/c]

Lepton momentum [GeV/c]Lepton momentum [GeV/c]

Lepton momentum [GeV/c]

cut on m2
miss < 1 GeV2/c4, 

projections for constrained fit
D*
D
D*l
Dl
D**l
comb. & 
charge xf
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New Physics Expectations

T. Miura, M. Tanaka, hep-ph/0109244

this analysis

M. Tanaka, Z. Phys. C 67, 321 (1995)


