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Semileptonic decays
Tree level processes, involving CKM matrix elements 
→ provide crucial inputs to indirect searches of new physics

New Physics can be shown in inconsistencies of measurements and SM 
predictions:
→ Decays with τ leptons, since the coupling ~ mbmτ tan2β

→ Disagreement between CKM matrix elements
→ Violation of Lepton Flavor Universality, with differences in decay widths for 

the various lepton types (larger than phase space and helicity suppression).

Remarks:
• Important to control form factor contributions describing QCD effects 

(information from the charm sector very useful)  
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Semileptonic decays

Present situation:

Large discrepancies for
|Vub|by different
determinations ( ~3σ)
(Similar situation for |Vcb|) 

Difference with the SM at 4σ level!

R(D(*)) =Γ(B→D(*)τν)/Γ(B→D(*)ν)

SM
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(1999–2008)

Asymmetric e+e- collider operating (mainly) at the Υ(4S) energy (10.54 GeV): 
→ 426 fb-1 from 1999 to 2008 ∼470M BB pairs

Very good tracking performance, calorimetry
and detector hermeticity
→ allow full decay reconstruction and 
missing energy determination of B decays
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Semileptonic decays at BaBar

→ Large charm cross section σcc ~1.3 nb
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Excess of B→D(*)τ-ντ events
[PRL109,101802(2012), PRD88,072012(2013)]



Excess of B→D(*)τ-ντ events

• Sensitive to charged-Higgs effects, dependence on (tanβ/mH )

• Experiments can Access the R(D) and R(D*) ratios: 

Several systematic and theoretical uncertainties cancel
→ D(*) reconstruction / Particle ID /tracking efficiency
→ |Vcb| & Form Factors (partially)

Normalization
 = e, µ

SM predictions very precise :

Based on HQET form factors: 
[H. Na et al., PRD 92, 054410 (2015)]
[Fajfer, Kamenic, Nišandižć: PRD85, 094025 (2012)]
and experimental measurements (HFAG)

Signal:τ- →  ν  ντ

R(D)SM=0.300 ± 0.008 

R(D*)SM=0.252 ± 0.003 
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• Btag fully reconstructed into hadrons

• Bsig: D(*) and lepton (µ-, e-)

• Signal signature: larger missing mass mmiss
2, q2

and lower  momentum

mmiss
2 = (pe+e- -pBtag-pD(*)-p-)2

B →(D0, D+, D*0, D*+)τ-ντ (signal)
B →(D0, D+, D*0, D*+)-ν (normalization)
B →(D0, D+, D*0, D*+)π0-ν (bkg. control)

R(D) and R(D*)
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Excess of B→D(*)τ-ντ events

• Signal, normalization and background samples:  
2D unbinned ML fit mmiss

2-p* , yields for:
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Correlation between : 
R(D) and R(D*) = -0.27

• Main systematics related
to bkg (D** fitted in the 
B→D(*)π0-ν sample)

Excess of B→D(*)τ-ντ events
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• Comparison with SM predictions:

Combined: 3.4σ deviation from SM predictions

R(D)BaBar = 0.440 ± 0.072
R(D)SM      = 0.297 ± 0.017 (2.0σ)

R(D*)BaBar = 0.332 ± 0.030
R(D*)SM        = 0.252 ± 0.003 (2.7σ)

Excess of B→D(*)τ-ντ events

tanβ/mH±= 0.44 ± 0.02 GeV-1

tanβ/mH±= 0.75 ± 0.04 GeV-1

• The scalar helicity amplitude in the
Two-Higgs Doublet Model (2HDM): 

The combination of R(D) and R(D*)
excludes the Type II 2HDM in the
full tanβ-mH parameter space 
(with mH>10 GeV) 
with a probability >99.8%
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Excess of B→D(*)τ-ντ events
• Comparison with other results: LHCb PRL 115,111803 (2015)

[Belle, PRD 92, 072014 (2015)]

[Belle, arXiv:1603.06711]

HFAG: 4σ difference!

SM
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New decay mode B → D(*)π+π-ν
[PRL 116, 041801 (2016)]



• Large discrepancy found in the determination of the CKM element Vcb using 
exclusive and inclusive semileptonic B decays:

• D** Puzzle: Currently the sum of measured exclusive modes account by only 
85% of the inclusive branching ratio 

• Semileptonic decays with multiple pions may be an important 
source of background in B→D(*)τ-ντ decays (and other semileptonic decays). 

New decay mode B → D(*)π+π-ν

 Search for B →D(*) ππ ν at BaBar

|Vcb|inclusive = (42.2 ± 0.7)x10-3 (B →Xc ν )

|Vcb|exclusive = (39.5 ± 0.8)x10-3   (B →D(*) ν)

PDG 2014:
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New decay mode B → D(*)π+π-ν

• Btag fully reconstructed into hadrons

• Bsig: D(*), lepton (µ-, e-) and two pions of 
opposite charge (π+, π-)

• Important cross feed between signal and 
tag due to the high multiplicity of Bsig

• Normalize to B → D(*)-ν

• Background: - Fisher discriminant for non semileptonic B events
- veto to B → D*π-ν
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New decay mode B → D(*)π+π-ν

signal

qq bkg

• UML fit to U = Emiss – |pmiss |, with pmiss= pe+e- -pBtag-pBsig

→ Fit yields for: 

B → Dππ-ν
B → D*ππ-ν
B → D*-ν
B → D-ν
Other B events
qq events

• Large feed-down from B → D*-ν to B → D-ν, separated using U  

N(B → D0-ν) = 5567 ± 102
N(B → D+-ν) = 3236 ± 74

N(B → D*0-ν) = 9987 ± 126
N(B → D*+-ν) = 5404 ± 83 15



New decay mode B → D(*)π+π-ν

171±30

56±17 65±18

74±36

S=5.4

S=3.5 S=3.3

S ≡ significance• Fitted B→ D(*)ππ-ν yields:  
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New decay mode B → D(*)π+π-ν

• First measurements of semileptonic B → D(*)π+π-ν

• Results for the R(*)
ππ and BR’s using the PDG values for the normalization

for all the channels are: 

• Assuming isospin symmetry and several decay mechanism models

→ accounts only for 4-8% in the gap between the inclusive and 
exclusive b → cν branching fractions (~ 15%)

Evidence

Observation
Evidence
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D0→π-e+ν and implications for Vub

[PRD 91, 052022 (2015)]



• The D0→π-e+ν decay channel:  

• Only one form factor: f+ (q2) (me ∼ 0)  

• Partially known: contributions from the D* and D*’ poles

• Can be related to the B→π form factor at the same Eπ , and allow Vub
determination

m2
D*’(2610)

m2
D*’’ … D*i are  JP = 1- states (→Dπ)

∞

d

f(q2)

D →πeν and implications for Vub
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D →πeν and implications for Vub

• Partial reconstruction from 347.2 fb-1 of e+e-→cc events at the Υ(4S)

• D*+→D0π+ with the D0→π-e+ν

• Normalized to the D0→K-π+ channel

• Use Fisher discriminant to suppress background from B events and other
semileptonic decays

• Signal events selected in δm=mD*+-mD0

~ 10000 candidates
50 % background

δm  = m (D0π) – m(D0)  < 0.150 GeV

Signal: 5303
Bkg: 4623

• Measure
q2 = (pD0 - pπ-)2

= (pe+ + pν)2

in 10 bins
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D →πeν and implications for Vub

• Extracting the form factor 

• From the unfolded q2 distribution:  

• Normalization:

Three-pole ansatz
[Becirevic et al , arXiv:1407.1019]

Using PDG for B(D→Kπ)

it cannot be explained by the
D* and D*’ alone →

Normalization of the form factor:
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• Having measured dΓD→πeν /dq2 we can extract Vub from the relation between 
the  D→πν and B→πν channels: 

1) From Lattice
2) From a phenome-

nological model

D →πeν and implications for Vub

Experimental Form factor ratio = 1.8 ± 0.2

→ Assuming a constant ratio 
of f+

B(wB)/f+
D(wD) 

Experimental
gH*Hπ couplings entering

in the residues

→ Three pole model on B→πν
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Vub x 103

Inclusive (PDG ‘14)

Exclusive (PDG ‘14) 

LHCb (Λb→pµν)

BaBar (charm)

- BaBar systematics of different origin, expected to be reduced by Lattice calculations:
→  fB(q2)/fD (q2) form factor ratio as function of Eπ (or w)
→  gH*Hπ couplings

• Comparison with other Vub determinations:

[BaBar; PRD 91, 052022 (2015)]

[Lattice (FNAL, MILC) + BaBar,Belle;
PRD 92, 014024 (2015)]

BaBar (3 poles)

D →πeν and implications for Vub

[LHCb; Nature Phys. 10 (2015) 1038]
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Conclusions

• Semileptonic decays provide important tests of the SM

• An excess of B→D(*)τ-ντ events  

• The form factor for D0→π-e+ν

• First measurements of semileptonic B → D(*)π+π-ν

• At BaBar we have measured:

and Vub determination from the B→π and D→πν form factor relation,
using a different method to be compared with present results.

More than 3σ deviation from SM 
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