
        Measurement of
       B → D(*)lν Decays
           and Status 
     of B → D**(D(*)nπ)lν
                          David Lopes Pegna (Princeton University)

                                
                   CKM  Workshop, Warwick, UK   
                          9 September 2010



David Lopes Pegna                                 2                               9 September 2010

and dispersion relations (Caprini et al, Nucl.Phys. B530, 153 (1998)) 
Form-factor parameters are ρ2,R

2
,R

2
 (ρ2) for D*(D)

F(1) and G(1) from lattice QCD
Experiments  fit the FF parameterization over nearly the entire phase 
space
Up to now, B → D*lν uncertainty dominated by theory error (lattice), 
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Differences between the 2 Belle analysis:
Data sample (140fb-1 → 711fb-1), D0 modes (Kπ,K3π  
vs Kπ only) 
Enhanced background calibration 
Soft π investigation 
Newer PDG numbers for D branching ratios etc.
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Can we still improve the sensitivity for B → D*lν ?
(In)-famous HFAG puzzle on the |V

cb
| average

More disturbing, at least for the Branching Fractions, is the tagged-
untagged disagreement:
Belle untagged: BF(D*+lν)= (4.6 ± 0.3)%, BF(D*0lν)= (4.8 ± 0.6)%
BaBar untagged: BF(D*+lν)= (5.1 ± 0.2)%, BF(D*0lν)= (5.5 ± 0.2)%
BaBar tagged: BF(D*+lν)= (5.4 ± 0.3)%, BF(D*0lν)= (5.8 ± 0.3)%
Connected to the incl - excl BF puzzle (see later)
BaBar |V

ub
| analysis on tagged samples clearly favors higher BF 

(>5%) for B → D*lν
It would be  important to get an update on the tagged samples from 
Belle (e.g. Belle Phys. Rev. D 72, 051109 (2005), BF(D*0lν)= (6.1 ± 
0.3)%)
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Hadronic tag: 
Reduced background (higher S/N)
Fully exploit kinematic constraints (w resolution ~0.01) 

Phys.Rev.Lett. 
104:011802,2010
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Reduce the model dependence determining G(w')|Vcb| from a fit in a limited 
region of phase-space

Experimental error interpolating 4 bins around w=1.2 is competitive with 
the extrapolation to w=1 using the full phase-space
We expect lattice community provide un-quenched (2+1) computation of 
the FF at w=1 and at w>1
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B → D*lν                   Untagged              Tagged
Yield                           ~10e5                   ~10e3
Measured          BF, ρ2,|V

cb
|, R

1
,R

2
            BF 

Uncertainty       4% (BF),~3% (FF)            5% (BF)
B → Dlν           
Yield                           ~ 10e4                   ~10e3 
Measured              BF, ρ2, |V

cb
|             BF, ρ2, |V

cb
|

Uncertainty          5% (|V
cb

|) 6% (ρ2)    5% (|V
cb

|), 8% (ρ2)

B → D*lν        σ(|V
cb

|) ~   1.5% ⊕  2.6 %

B → Dlν          σ(|V
cb

|) ~   3.5% ⊕  2.2 % (unquenched) 

                                                       1.7% (quenched)
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B → D*lν 
Can untagged analysis reduce the uncertainties? 
→ Still, 4-d B → D*lν  on BaBar full dataset highly desirable
Can tagged analysis measure FF? Tough, need very high 
statistics
→ new tagged analysis from Babar (new tag, 2.5-3x more 
efficient) will attempt it
B → Dlν  
→ Untagged analysis on full dataset necessary from BaBar and 
Belle 
→ new tagged analysis from BaBar expected 

(personal) Claim: |V
cb

| from B → Dlν   can go down to  ~ 1.5-2% 
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 Use D** as nickname for states D(*)(nπ) with n>0 including:



similar techniques and excellent agreement in the measurement of 
branching fractions

David Lopes Pegna                                 18                               9 September 2010

HFAG 2010
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PRL 103,051803(2009)  
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Situation more complicated for the broad states.....



BaBar and Belle measure B(B → D(*)πlν) ~ 1.5%
About 0.6% of this rate is due to the narrow D

1
 and D

2
 states

What is the rest?
BaBar measures about 0.9% for the broad states
Belle agrees for the D

0
*, while it sets a very stringent upper limit for 

the D
1
'

We are left with 2 puzzles:
The broad rate is in contrast with theoretical predictions (3/2 vs 1/2  
puzzle, see backup) 
What is the difference between the inclusive rate and the 
Σ Excl(D/D*/D(*)πlν)?
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The most likely candidate to fill the inclusive rate is B → D(*)nπlν ,with     

ππ decays, Belle PRL 94, 221805 
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How likely is that we will observe B → D(*)ππlν decays?
The hadronic tag is the most obvious choice
Challenging however, high multiplicity on the SL side affects hadronic tag 
selection/purity

If we assume a rate of 0.2% for B → D
1,2
lν, D

1,2
 → D(*)ππ, we should 

see ~  tens of events in the full Belle dataset
BaBar has a new hadronic tag algorithm, expect about >2x
 improvement in signal yield w.r.t. previous BaBar tagged analysis
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 Despite many years of measurements, puzzles in B → D(*,**)lν remain
 Branching fraction?
 |V

cb
| and FF averages

 Large rate for the broad components
 Large difference between the BaBar and Belle results
 Role of D → D(*)ππ decays

 B → Dlν had a slow start, but can be potentially extremely interesting
 We need unquenched lattice determinations of G(w), w=1, w>1  
 It is worth!! 
 |V

cb
| measurement is a B-factory legacy!!!
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 Backup Slides



 Both Babar and Belle include the possibility for a non-resonant D(*)           
 component, finding a rate consistent with zero
 A study of the helicity distribution can be used to confirm/not if the fitted 
“broad” component is consistent with the expected quantum numbers
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 Belle only reports the helicity study for the D
2
(Dπ) and D

0
*(Dπ) channels

 Fit of the invariant mass in helicity bins; fit |hely| with theoretical 
     shapes for tensor and scalar states

 Confirm predictions for these two states
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 The helicity distributions can help in confirm the nature of the          
 measured “broad” states, but current statistics is a problem
 It was also suggested (I. Bigi) that the measured broad states are   
 radial excitations (p-wave)
 Also in this case, an helicity study could help, but statistics may be 
 a limiting factor also for the full dataset/final measurement from       
 BaBar and Belle 
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  HFAG average for |V
cb

| from B → D*lν  very             

  challenging (measurements from almost 2 decades, 
  very different assumptions: FF, BF etc. )
  historically affected by very low  chi2 due to large     
  spread of measurements
  Subtle bug discovered, chi2 improved, but still low    
  (especially adding latest, very precise,                      
 measurements)  
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separation, also measure B(D
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