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Talk overview

Waypoints:

* Introduction What modes are covered by our B → D∗∗ ` ν̄` measurements

* Recap of essential experimental methods: Tagging and m2
miss

* Relevant measurements:

— Tagged B → D(∗) π `ν̄` measurements: arXiv:0712.3503v1 & arXiv:0711.3252

— Tagged B → D∗∗
↪→D(∗)π

`ν̄` measurements: arXiv:0808.0528v1 & arXiv:0711.3252

— Tagged B → D(∗) X `ν̄` measurements: Preliminary Belle

—— World averages from HFAG arXiv:1207.1158v1

∗ Tensions between broad state measurements
∗ Experimental limits on non-resonant GR-type decays

∗ Semi-inclusive B → D(∗) X `ν̄` v exclusive B → D∗∗
↪→D(∗)π

`ν̄`

∗ Putting everything together: ’Gap’ inclusive v exclusive

? Neglected channels: D∗∗ → D(∗)ππ & D∗∗ → D(∗)η

* Summary and my conclusions
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i. Introduction

measured 1P states

gap inclusive vs exclusive

‘1/2’ vs ‘3/2’ Problem
?

?

? ?
inclusive

exclusive
|Vcb|

|Vcb|
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⇔ What modes are covered by our B → D∗∗ ` ν̄` measurements?

* Three kinds of measurements:
→ Semi-inclusive measurements of D∗∗ → D(∗)π
→ Exclusive measurements of m

D(∗)π
with resonances

which are assigned to 1P

→ Semi-inclusive measurements of D∗∗ → D(∗)X
and sum over all resonances

Outline
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Fig. 17.1.1. Illustration of semileptonic decay B− → X�−ν̄�.

as illustrated in Fig. 17.1.1. These are governed by the
CKM-matrix elements Vcb and Vub, and since the inter-
mediate W -boson decays leptonically, do not involve any50

other CKM-matrix elements. Hence, measurements of the
B → X�ν decay rate can be used to directly measure |Vcb|
and |Vub|.

The theoretical description of semileptonic B decays
starts from the electroweak effective Hamiltonian,

Heff =
4GF√

2

∑

q=u,c

Vqb (q̄γµPLb)(�γµPLν�) , (17.1.1)

where PL = (1 − γ5)/2, and GF is the Fermi constant
as extracted from muon decay. The W boson has been
integrated out at tree level, and higher-order electroweak
corrections are suppressed by additional powers of GF and
are thus very small. The differential B decay rates take the
form

dΓ ∝ G2
F |Vqb|2

∣∣Lµ〈X|q̄γµPLb|B〉
∣∣2 . (17.1.2)

An important feature of semileptonic decays is that the
leptonic part in the effective Hamiltonian and the decay55

matrix element factorizes from the hadronic part, and that
QCD corrections can only occur in the b → q current.
The latter do not affect Eq. (17.1.1) and are fully con-
tained in the hadronic matrix element 〈X|q̄γµPLb|B〉 in
Eq. (17.1.2). This factorization is violated by small elec-60

tromagnetic corrections, for example by photon exchange
between the quarks and leptons, which must be taken into
account in situations where high precision is required.

The challenge in the extraction of |Vcb| and |Vub| is
the determination of the hadronic matrix element of the65

quark current in Eq. (17.1.2). For this purpose, different
theoretical methods have been developed, depending on
the specific decay mode under consideration. In almost all
cases, the large mass of the b-quark, mb ∼ 5 GeV plays an
important role.70

In exclusive semileptonic decays, one considers the de-
cay of the B meson into a specific final state X = D∗, π, ....
In this case, one parameterizes the necessary hadronic ma-
trix element in terms of form factors, which are nonper-
turbative functions of the momentum transfer q2. This75

is discussed in Sections 17.1.2 and 17.1.4. Two methods
to determine the necessary form factors are lattice QCD
(LQCD) and light-cone sum rules (LCSR). In LQCD the
QCD functional integrals for the matrix elements are com-
puted numerically from first principles. Heavy-quark effec-80

tive theory (HQET), and nonrelativistic QCD (NRQCD),

were first introduced, at least in part, to enable lattice-
QCD calculations with heavy quarks. Even when these
formalisms are not explicitly used, heavy-quark dynam-
ics are usually used to control discretization effects. An85

exception are the most recent determinations of mb from
lattice QCD, discussed below, which use a lattice so fine
that the b quark can be treated with a light-quark formal-
ism. A complementary method is based on LCSR which
use hadronic dispersion relations to approximate the form90

factor in terms of quark-current correlators, which can be
calculated in an operator product expansion (OPE).

In inclusive semileptonic decays, one considers the sum
over all possible final states X that are kinematically al-
lowed. Employing parton-hadron duality one can replace95

the sum over hadronic final states with a sum over par-
tonic final states. This eliminates any long-distance sensi-
tivity to the final state, while the short-distance QCD cor-
rections, which appear at the typical scale µ ∼ mb of the
decay, can be computed in perturbation theory in terms of100

the strong coupling constant αs(mb) ∼ 0.2. The remain-
ing long-distance corrections related to the initial B meson
can be expanded in powers of ΛQCD/mb ∼ 0.1, with ΛQCD

a typical hadronic scale of order mB −mb ∼ 0.5 GeV. This
is called the heavy quark expansion (HQE), and it system-105

atically expresses the decay rate in terms of nonperturba-
tive parameters that describe universal properties of the
B meson. This is discussed in Sections 17.1.3 and 17.1.5.

17.1.1.3 Experimental Techniques

As in other analyses of BB̄ data recorded at B facto-110

ries, the two dominant sources of background for the re-
construction of semileptonic B decays are the combinato-
rial BB̄ and the continuum backgrounds, QED processes
e+e− → �+�−(γ) with � = e, µ, or τ , and quark-antiquark
pair production, e+e− → qq(γ) with q = u, d, s, c.115

The suppression of the continuum background is achieved
by requiring at least four charged particles in the event and
by imposing restrictions on several event shape variables,
either sequentially on individual variables or by construct-
ing multivariable discriminants. Among these variables are120

thrust, the maximum sum of the longitudinal momenta of
all particles relative to a chosen axis, ∆θthrust, the angle
between the thrust axis of all particles associated with the
signal decay and the thrust axis of the rest of the event,
R2, the ratio of the second to the zeroth Fox-Wolfram mo-125

ments, and L0 and L2, the normalized angular moments
(introduced in Sec. 9).

The separation of semileptonic B decays from BB̄
backgrounds is very challenging because they result in one
or more undetected neutrinos. The energy and momentum
of the missing particles can be inferred from the sum of
all other particles in the event,

(Emiss,pmiss) = (E0,p0) − (
∑

i

Ei,
∑

i

pi), (17.1.3)

where (E0,p0) is the four-vector of the colliding beams. If
the only undetected particle in the event is one neutrino,

[Illustration by F. Tackmann]

I. Introduction: Summary of the exp. and theo. situation
a Recap of incl. and excl. measurements
b Recap of the ’1/2’ vs ’3/2’ problem

II. Discovery of potential 2S charmed state(s) by BABAR

III. Our Proposal and its Viability

IV. Prediction of Γ(B → D ′(∗) � ν̄�) using light-cone sum rules

V. Summary
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Leading order Weak b → q diagrami Expected Quark Model (cq̄) states:
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FIG. 1. Strong decays of the D0 and D0⇤ into the 1S and 1P states involving, one or two pion emissions (left), and all decays
including the near o↵-shell transitions with a ⇢ and ⌘ (right). The style and opacity of the lines connecting the states indicate
the orbital angular momentum of the partial wave. The grey bands correspond to the measured widths of the 2S and 1P states.

nonresonant contribution [8] no longer needs to be large.
This would be a problem, because in the soft pion limit
a first principles calculation is possible [9], giving a too
small rate at this region of phase space. A large nonres-
onant rate at high D(⇤)⇡ invariant mass would disagree
with the inclusive lepton spectrum measurements and the
measured semi-exclusive B ! D(⇤)⇡`⌫̄ rate.

2) The D0(⇤) states decay to one of the D(⇤) states
either with one pion emission in a p-wave, or with two
pion emission in an s-wave. However, they can decay
with one pion emission in an s-wave to members of the

s⇡l

l = 1
2

+
states, and could thus enhance the observed

decay rate to the s⇡l

l = 1
2

+
states, and thus give rise to

the “1/2 vs. 3/2 puzzle”. The allowed strong decays are
illustrated in Figure 1 (including those only allowed by
the substantial widths of these particles). It is plausible
that the decay modes of the D0(⇤) to the 1S and 1P charm
meson states may be comparable.

3) With the relatively low mass of the D0(⇤) states, the
inclusive lepton spectrum can stay quite hard, in agree-
ment with the observations.

4) The B(B ! D(⇤)⇡`⌫̄) measurement quoted is not in
conflict with our hypothesis, since the decay of the D0(⇤)

would yield two or more pions most of the time.

III. THE B ! D0(⇤)`⌫̄ DECAY RATE

Since the quantum numbers of the D0(⇤) are the same
as those of the D(⇤), the theoretical expressions for the
decay rates in terms of the form factors, and the defi-
nitions of the form factors themselves, are identical to
the well known formulae for B ! D(⇤)`⌫̄ [10]. As for

B ! D(⇤)`⌫̄, in the mc,b � ⇤QCD limit, the six form
factors are determined by a single universal Isgur-Wise
function [11], which we denote by ⇠2(w). Here w = v · v0
is the recoil parameter, v is the velocity of the B meson,
and v0 is that of the D0(⇤). We define

d�D0⇤

dw
=

G2
F |Vcb|2 m5

B

48⇡3
r3(1 � r)2

p
w2 � 1 (w + 1)2

⇥

1 +

4w

w + 1

1 � 2rw + r2

(1 � r)2

�⇥
F (w)

⇤2
, (2)

d�D0

dw
=

G2
F |Vcb|2 m5

B

48⇡3
r3(1 + r)2 (w2 � 1)3/2

⇥
G(w)

⇤2
,

where, in each equation, r = mD0(⇤)/mB , and in the
mc,b � ⇤QCD limit F (w) = G(w) = ⇠2(w).

Heavy quark symmetry implies ⇠2(1) = 0, so the rate
near zero recoil comes entirely from ⇤QCD/mc,b correc-
tions. Away from w = 1, ⇠2(w) is no longer power
suppressed; however, since the kinematic range is only
1 < w < 1.3, the role of ⇤QCD/mc,b corrections, which
are no longer universal, can be very large [12]. Before
turning to model calculations, note that there is a qual-
itative argument that near w = 1 the slope of ⇠2(w),
and probably those of F (w) and G(w) as well, should be
positive. In B ! D0(⇤) transition, in the quark model,
the main e↵ect of the wave function of the brown muck
changing from the 1S to the 2S state is to increase the
expectation value of the distance from the heavy quark
of a spherically symmetric wave function. Thus the over-
lap of the initial and final state wave functions should
increase as w increases above 1.

It is not easy to calculate these B ! D0(⇤)`⌫̄ form fac-
tors. Below, we use estimates from a quark model pre-
diction [13], hoped to be trustable near w = 1, and from

Notation used in talk:
* D∗∗(1P), D∗∗(2S), D∗∗(1D), ...

* Continuum/Non-resonant decays

BNR(B → D(∗) π ` ν̄`)

JA
µ

B D! D

JA
µ

B B! D

! !

Figure 6: Pole diagrams for the B!D+⇡ amplitude.

massless pion. As noted in [10], however, the constant term is numerically larger than the
chiral logarithm, ln�. The contribution due to neutral pions is half of the one related to
charged pions.

The B!D⇡ amplitude in Eq. (40) in fact receives additional relativistic corrections; it
is unique because of the soft pion enhancement we have discussed. Since this enhancement
is mild in the integrated probability, the regular contribution to the amplitude should be
included. In the actual calculations we use the complete relativistic propagators for B⇤ and
D⇤ and invariant vertices, and do not rely on an expansion in 1/mQ. In other words, we
only use the soft-pion Lagrangian to model the pion emission amplitude, assuming that the
couplings do not vary significantly with energy. In e↵ect, this implies a certain form for the
contact terms which appear in the chiral Lagrangian at the subleading 1/mQ order.

In the calculation of the integrated inelastic probability, there is a subtlety that requires
some care and was discussed already in [10]. Since MD⇤ > MD +m⇡, the point "= 0 cor-
responds to |~p⇡|' 39 MeV and the integration extends to small negative ". At " = 0 the
integral has a singularity related to the D⇡ decay of the unstable D⇤, which should be dis-
tinguished from the actual continuum contribution, and has to be removed. In practice, the
physical regularization is to introduce the Breit-Wigner factor , replacing 1/"2 in Eq. (41)
by 1/("2+�2/4), where � is the decay width of D⇤. In actuality � is small compared even
to the energy release in D⇤!D⇡. Therefore including the width serves only to regularize
the integral. Adopting it, integration around "=0 yields unity, the probability of B!D⇤

we start with, where D⇤ is represented by the D⇡-resonance. The integration over " is then
carried out with |"| > "min � �. The resulting inelastic integral does not depend on the
choice of ✏min as long as �⌧✏min⌧MD⇤�MD�m⇡ holds. An accurate analysis shows that
for all practical purposes the integral can simply be evaluated by setting m⇡ =MD⇤�MD.

It turns out that numerically the most important e↵ect comes from the di↵erence in
the pion-meson couplings in the charm and beauty sectors, r 6=1. Various studies suggest
r <⇠ 1 [22]. Fig. 7 shows the integrated wD⇡

inel as a function of the upper cuto↵ on the pion
momentum, pmax

⇡ , for a few values of r. Formally, pmax
⇡ is related to the maximum excitation

energy "M :

"M =
p

(pmax
⇡ )2 + m2

⇡ +
q

(pmax
⇡ )2 + M2

D � MD⇤ ;

however, a lower cuto↵ may e↵ectively be set by the domain of applicability of the soft-

19

Diagrams contributing to continuum B → Dπ

ii Continuum (or non-resonant ) contributions see e.g. [JHEP 1210 (2012) 169]

* Exclusive branching fractions assigned to B → D∗∗
↪→D(∗)π

(1P) `ν̄`
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ii. Experimental methods

5 / 30



Experimental methods: Tagging & m2
miss

* Tagging at the B Factories:

Hadronic B tagging: Reconstruct one B meson and look at rest of the event

→ Expect only particles from signal

⌥(4S)

e�

e+

B

B

`

⌫̄`

Recoil

⇡+

Tag

J/ 
µ+

µ�

K+
⇡�

Xc

D

⌥(4S)

e�

e+

B

B

`

⌫̄`

Signal

⇡+Xc

D

. . . . . .
. . .

E!ciency
Purity

Untagged Tagged

Signal side characteristics:

→ Decay with missing momentum due to neutrino in final state:

m2
miss =

(
pΥ(4S) − pBtag − pD∗∗ − p`

)2
=̂ m2

ν

∗ For true B → D∗∗ ` ν̄` decays this should peak at 0; for sl with a true D missing particles tend to push
distribution to positive values, randomly assigned to either positive or negative values.
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Experimental methods: ∆E & mbc/ES

* Two dominant sources of background: combinatorial B and continuum

→ B meson Production at B Factories through well defined initial state: e+e− → Υ(4S)→ bb̄
⇔ charge and momentum correlation of final states completely determined.

* Energy difference ∆E and beam constrained mass mbc/ES :

∆E = EBtag − Ebeam

Ebeam =
√
s/2 v 5.29GeV

mbc/ES =
√

E2
beam
− p2

Btag

Correctly reconstructed Btag should have ∆E ≈ 0 and mbc/ES ≈ mB
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Fig. 17.1.2. Distributions of the missing mass squared for exclusive B ! Xc`⌫ candidates in BB̄ events tagged by a hadronic
decay of the second B meson (Aubert, 2008a), a) B� ! D0`�⌫`, b) B0 ! D

⇤+`�⌫`, and c) B� ! D⇤+⇡�`�⌫`. The
contributions from various exclusive decay modes are marked by color shading.
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Fig. 17.1.3. Distributions of mES and �E for a,b) hadronic B decays above combinatorial continuum and BB̄ background
(blue) (Mazur, 2007), and c,d) selected B0 ! ⇡�`+⌫ decays (del Amo Sanchez, 2011b) in the q2 range of 4 � 8GeV2, above
a variety of backgrounds contributions, specifically B ! Xu`⌫ (red), various B ! Xc`⌫ decays (yellow), and continuum
background (blue). For both samples, the distributions are restricted to events in the signal bands, i.e., mES is shown for events
in the peak region for �E and �E is restricted to events in the peak region for mES .

Recently, tag e�ciencies have been increased as much as
a factor of three by the addition of other hadronic decay220

modes, and by simultaneous constraints on the semilep-
tonic signal decay in a given event, and by e↵ectively se-
lecting the best of several candidates per event.

Tag e�ciencies in the range of 1� 3% can be obtained
using semileptonic B decays. As for hadronic tags, the225

achievable tag e�ciencies and purities are strongly depen-
dent on both the tag decay and the decay of the signal
B recoiling against the tag. In comparison with fully re-
constructed hadronic tags, events tagged by semileptonic
decays provide looser kinematic constraints on the recoil-230

ing B and result in a less accurate measurement of the
missing neutrino and higher combinatorial backgrounds.

17.1.2 Exclusive Decays B � D(⇤)`⌫

17.1.2.1 Theoretical Overview

In the following, we discuss exclusive decays to D or D⇤

meson. The transition matrix elements of the weak cur-
rent (Eq. (17.1.2)) are decomposed into Lorentz-covariant
forms, built from the independent four-vectors of the de-
cay, and form factors multiplying them. For a pseudoscalar
final state, only the vector current contributes,

hP |q̄�µb|B̄i = f+(q2)

✓
pµ

B + pµ
P � m2

B � m2
P

q2
qµ

◆

+ f0(q
2)

m2
B � m2

P

q2
qµ, (17.1.6)
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⇤+`�⌫`, and c) B� ! D⇤+⇡�`�⌫`. The
contributions from various exclusive decay modes are marked by color shading.
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Fig. 17.1.3. Distributions of mES and �E for a,b) hadronic B decays above combinatorial continuum and BB̄ background
(blue) (Mazur, 2007), and c,d) selected B0 ! ⇡�`+⌫ decays (del Amo Sanchez, 2011b) in the q2 range of 4 � 8 GeV2, above
a variety of backgrounds contributions, specifically B ! Xu`⌫ (red), various B ! Xc`⌫ decays (yellow), and continuum
background (blue). For both samples, the distributions are restricted to events in the signal bands, i.e., mES is shown for events
in the peak region for �E and �E is restricted to events in the peak region for mES .

Recently, tag e�ciencies have been increased as much as
a factor of three by the addition of other hadronic decay220

modes, and by simultaneous constraints on the semilep-
tonic signal decay in a given event, and by e↵ectively se-
lecting the best of several candidates per event.

Tag e�ciencies in the range of 1� 3% can be obtained
using semileptonic B decays. As for hadronic tags, the225

achievable tag e�ciencies and purities are strongly depen-
dent on both the tag decay and the decay of the signal
B recoiling against the tag. In comparison with fully re-
constructed hadronic tags, events tagged by semileptonic
decays provide looser kinematic constraints on the recoil-230

ing B and result in a less accurate measurement of the
missing neutrino and higher combinatorial backgrounds.

17.1.2 Exclusive Decays B � D(⇤)`⌫

17.1.2.1 Theoretical Overview

In the following, we discuss exclusive decays to D or D⇤

meson. The transition matrix elements of the weak cur-
rent (Eq. (17.1.2)) are decomposed into Lorentz-covariant
forms, built from the independent four-vectors of the de-
cay, and form factors multiplying them. For a pseudoscalar
final state, only the vector current contributes,

hP |q̄�µb|B̄i = f+(q2)

✓
pµ

B + pµ
P � m2

B � m2
P

q2
qµ

◆

+ f0(q
2)

m2
B � m2

P

q2
qµ, (17.1.6)

Blue combinatorial and continuum background; white hadronic B decays (both simulated)
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iii.a Semi-inclusive B → D(∗) π `ν̄`
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Semi-inclusive B → D(∗) π `ν̄` measurements: BABAR

Phys.Rev.Lett. 100 (2008) 151802; arXiv:0712.3503v1

* Tagged measurement: 80% of BABAR dataset (341.1/fb)

∗ Hadronic tag: Btag → DY with ”K&π ∈ Y ”
≈ O(1000) decay modes

− 5.27GeV/c2 < mES < 5.29GeV/c2 & Btag w. smallest ∆E

∗ Signal/recoil side: lepton with p∗l ≥ 0.6 GeV/c;
reconstruct D and D∗ candidates from K and π

Further requirements:
mDπ − mD > 0.18 GeV/c2 to veto B → D∗ ` ν̄` events.
Total energy not assigned to Btag or signal side less than 1 GeV.

∗ Events analyzed in fit to m2
miss = m2

ν : (PDFs from MC)

→ e) B− → D+π− ` ν̄`
f) B− → D∗+π− ` ν̄`
g) B̄0 → D0π+ ` ν̄`
h) B̄0 → D∗ 0π− ` ν̄`

→ Yellow: Signal

Green/Red: Background from B → D(∗) ` ν̄`
Blue: Down feed from B → D∗ π ` ν̄`
Magenta: continuum

∗ Signal BF extracted with normalization channel
(B → X ` ν̄`, to cancel tagging systematics)

[%]
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B0 → D̄0π− `+ ν` 0.43± 0.08± 0.03

B0 → D̄∗ 0π− `+ ν` 0.48± 0.08± 0.04
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decays.

We reconstruct B� ! D(⇤)+⇡�`�⌫̄` and B0 !
D(⇤)0⇡+`�⌫̄` decays starting from the corresponding
B ! D(⇤)X`�⌫̄` samples and selecting events with only
one additional reconstructed charged track that has not
been used for the reconstruction of the Btag, the sig-
nal D(⇤), or the lepton. For the B0 ! D0⇡+`�⌫̄`
and the B0 ! D⇤0⇡+`�⌫̄` decays, we additionally re-
quire the invariant mass di↵erence M(D⇡) � M(D) to
be greater than 0.18 GeV/c2 to veto B0 ! D⇤+`�⌫̄`
events. To reduce the combinatorial background in the
B0 ! D⇤0⇡+`�⌫̄` mode, we also require the total extra
energy in the event, obtained by summing the energy of
all the showers in the electromagnetic calorimeter that
have not been assigned to the Btag or the D(⇤)`� candi-
dates, to be less than 1 GeV.

The exclusive semileptonic B decays are identified
by the missing mass squared in the event, m2

miss =
(p(� (4S)) � p(Btag) � p(D(⇤)(⇡)) � p(`))2, defined in
terms of the particle four-momenta in the CM frame
of the reconstructed final states. For correctly recon-
structed signal events, the only missing particle is the
neutrino, and m2

miss peaks at zero. Other B semileptonic
decays, where one particle is not reconstructed (feed-
down) or is erroneously added (feed-up) to the charm
candidate, exhibit higher or lower values in m2

miss. To
obtain the B semileptonic signal yields, we perform a
one-dimensional extended binned maximum likelihood
fit [15] to the m2

miss distributions. The fitted data sam-
ples are assumed to contain four di↵erent types of events:
B ! D(⇤)(⇡)`�⌫̄` signal events, feed-down or feed-up
from other B semileptonic decays, combinatoric BB and
continuum background, and hadronic B decays (mainly
due to hadrons misidentified as leptons). For the fit to the
m2

miss distributions of the B ! D(⇤)⇡`�⌫̄` channel, we
also include a component corresponding to other misre-
constructed B ! D⇤⇤(D⇤⇡)`�⌫̄` decays. We use the MC
predictions for the di↵erent B semileptonic decay m2

miss

distributions to obtain the Probability Density Functions
(PDFs). The combinatoric BB and continuum back-
ground shape is also estimated by the MC simulation,
and we use the o↵-peak data to provide the continuum
background normalization. The shape of the continuum
background distribution predicted by the MC simulation
is consistent with that obtained from the o↵-peak data.

The m2
miss distributions are compared with the results

of the fits in Fig. 1 for each of the B ! D(⇤)(⇡)`�⌫̄`
channels. The fitted signal yields and the signal e�cien-
cies, accounting for the Btag reconstruction, are listed in
Table I.

To reduce the systematic uncertainty, the exclusive
B(B ! D(⇤)(⇡)`�⌫̄`) branching fractions relative to the
inclusive semileptonic branching fraction are measured.
A sample of B ! X`�⌫̄` events is selected by identifying
a charged lepton with CM momentum greater than 0.6
GeV/c and the correct charge-flavor correlation with the
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FIG. 1: (Color online) Fit to the m2
miss distribution for a)

B� ! D0`�⌫̄`, b) B� ! D⇤0`�⌫̄`, c) B0 ! D+`�⌫̄`, d)
B0 ! D⇤+`�⌫̄`, e) B� ! D+⇡�`�⌫̄`, f) B� ! D⇤+⇡�`�⌫̄`,
g) B0 ! D0⇡+`�⌫̄`, and h) B0 ! D⇤0⇡+`�⌫̄`: the data
(points with error bars) are compared to the results of the
overall fit (sum of the solid histograms). The PDFs for the
di�erent fit components are stacked and shown in di�erent
colors.

Btag candidate. In the case of multiple Btag candidates
in an event, we select the one reconstructed in the decay
channel with the highest purity, defined as the fraction of
signal events in the mES signal region. Background com-
ponents peaking in the mES signal region include cascade
B meson decays (i.e., the lepton does not come directly
from the B) and hadronic decays, and are subtracted
by using the corresponding MC distributions. The total
yield for the inclusive B ! X`�⌫̄` decays is obtained
from a maximum likelihood fit to the mES distribution
of the Btag candidates using an ARGUS function [16]
for the description of the combinatorial BB and contin-
uum background, and a Crystal Ball function [17] for the
signal. Additional Crystal Ball and ARGUS functions
are used to model a broad-peaking component, included
in the signal definition, due to real B ! X`�⌫̄` decays
for which, in the Btag reconstruction, neutral particles
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decays.

We reconstruct B� ! D(⇤)+⇡�`�⌫̄` and B0 !
D(⇤)0⇡+`�⌫̄` decays starting from the corresponding
B ! D(⇤)X`�⌫̄` samples and selecting events with only
one additional reconstructed charged track that has not
been used for the reconstruction of the Btag, the sig-
nal D(⇤), or the lepton. For the B0 ! D0⇡+`�⌫̄`
and the B0 ! D⇤0⇡+`�⌫̄` decays, we additionally re-
quire the invariant mass di↵erence M(D⇡) � M(D) to
be greater than 0.18 GeV/c2 to veto B0 ! D⇤+`�⌫̄`
events. To reduce the combinatorial background in the
B0 ! D⇤0⇡+`�⌫̄` mode, we also require the total extra
energy in the event, obtained by summing the energy of
all the showers in the electromagnetic calorimeter that
have not been assigned to the Btag or the D(⇤)`� candi-
dates, to be less than 1 GeV.

The exclusive semileptonic B decays are identified
by the missing mass squared in the event, m2

miss =
(p(� (4S)) � p(Btag) � p(D(⇤)(⇡)) � p(`))2, defined in
terms of the particle four-momenta in the CM frame
of the reconstructed final states. For correctly recon-
structed signal events, the only missing particle is the
neutrino, and m2

miss peaks at zero. Other B semileptonic
decays, where one particle is not reconstructed (feed-
down) or is erroneously added (feed-up) to the charm
candidate, exhibit higher or lower values in m2

miss. To
obtain the B semileptonic signal yields, we perform a
one-dimensional extended binned maximum likelihood
fit [15] to the m2

miss distributions. The fitted data sam-
ples are assumed to contain four di↵erent types of events:
B ! D(⇤)(⇡)`�⌫̄` signal events, feed-down or feed-up
from other B semileptonic decays, combinatoric BB and
continuum background, and hadronic B decays (mainly
due to hadrons misidentified as leptons). For the fit to the
m2

miss distributions of the B ! D(⇤)⇡`�⌫̄` channel, we
also include a component corresponding to other misre-
constructed B ! D⇤⇤(D⇤⇡)`�⌫̄` decays. We use the MC
predictions for the di↵erent B semileptonic decay m2

miss

distributions to obtain the Probability Density Functions
(PDFs). The combinatoric BB and continuum back-
ground shape is also estimated by the MC simulation,
and we use the o↵-peak data to provide the continuum
background normalization. The shape of the continuum
background distribution predicted by the MC simulation
is consistent with that obtained from the o↵-peak data.

The m2
miss distributions are compared with the results

of the fits in Fig. 1 for each of the B ! D(⇤)(⇡)`�⌫̄`
channels. The fitted signal yields and the signal e�cien-
cies, accounting for the Btag reconstruction, are listed in
Table I.

To reduce the systematic uncertainty, the exclusive
B(B ! D(⇤)(⇡)`�⌫̄`) branching fractions relative to the
inclusive semileptonic branching fraction are measured.
A sample of B ! X`�⌫̄` events is selected by identifying
a charged lepton with CM momentum greater than 0.6
GeV/c and the correct charge-flavor correlation with the

]4/c2 [GeVmiss
2m

-0.5 0 0.5 1 1.5 2

)4
/c2

Ev
en

ts
/(0

.0
4 

G
eV

0

50

100

150
200

250

300

350
400

ν Dl→B 
ν D*l→B 
ν D**l→B 

continuum + BB
fake lepton

a)

]4/c2 [GeVmiss
2m

-1 -0.5 0 0.5 1 1.5 20

100

200

300

400

500
ν D*l→B 
ν Dl→B 
ν D**l→B 

continuum + BB
fake lepton

b)

]4/c2 [GeVmiss
2m

-0.5 0 0.5 1 1.5 2

)4
/c2

Ev
en

ts
/(0

.0
4 

G
eV

0
20
40
60
80

100
120
140
160
180

ν Dl→B 
ν D*l→B 
ν D**l→B 

continuum + BB
fake lepton

c)

]4/c2 [GeVmiss
2m

-1 -0.5 0 0.5 1 1.5 2
0

50

100

150

200

250

300

350 ν D*l→B 
ν Dl→B 
ν D**l→B 

continuum + BB
fake lepton

d)

]4/c2 [GeVmiss
2m

-1 -0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8 1

)4
/c2

Ev
en

ts
/(0

.0
4 

G
eV

0

10

20

30

40

50

60 ν D**l→B 
ν Dl→B 
ν D*l→B 

ν)lπ D**(D*→B 
continuum + BB
fake lepton

e)

]4/c2 [GeVmiss
2m

-1 -0.5 0 0.5 10
10
20
30
40
50
60
70
80
90 ν D**l→B 

ν Dl→B 
ν D*l→B 

continuum + BB
fake lepton

f)

]4/c2 [GeVmiss
2m

-1 -0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8 1

)4
/c2

Ev
en

ts
/(0

.0
4 

G
eV

0

10

20

30

40

50

60 ν D**l→B 
ν Dl→B 
ν D*l→B 

ν)lπ D**(D*→B 
continuum + BB
fake lepton

g)

]4/c2 [GeVmiss
2m

-1 -0.5 0 0.5 1
0
5

10
15
20
25
30
35
40 ν D**l→B 

ν Dl→B 
ν D*l→B 

ν D**l→bkg B 
continuum + BB
fake lepton

h)

FIG. 1: (Color online) Fit to the m2
miss distribution for a)

B� ! D0`�⌫̄`, b) B� ! D⇤0`�⌫̄`, c) B0 ! D+`�⌫̄`, d)
B0 ! D⇤+`�⌫̄`, e) B� ! D+⇡�`�⌫̄`, f) B� ! D⇤+⇡�`�⌫̄`,
g) B0 ! D0⇡+`�⌫̄`, and h) B0 ! D⇤0⇡+`�⌫̄`: the data
(points with error bars) are compared to the results of the
overall fit (sum of the solid histograms). The PDFs for the
di�erent fit components are stacked and shown in di�erent
colors.

Btag candidate. In the case of multiple Btag candidates
in an event, we select the one reconstructed in the decay
channel with the highest purity, defined as the fraction of
signal events in the mES signal region. Background com-
ponents peaking in the mES signal region include cascade
B meson decays (i.e., the lepton does not come directly
from the B) and hadronic decays, and are subtracted
by using the corresponding MC distributions. The total
yield for the inclusive B ! X`�⌫̄` decays is obtained
from a maximum likelihood fit to the mES distribution
of the Btag candidates using an ARGUS function [16]
for the description of the combinatorial BB and contin-
uum background, and a Crystal Ball function [17] for the
signal. Additional Crystal Ball and ARGUS functions
are used to model a broad-peaking component, included
in the signal definition, due to real B ! X`�⌫̄` decays
for which, in the Btag reconstruction, neutral particles
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decays.

We reconstruct B� ! D(⇤)+⇡�`�⌫̄` and B0 !
D(⇤)0⇡+`�⌫̄` decays starting from the corresponding
B ! D(⇤)X`�⌫̄` samples and selecting events with only
one additional reconstructed charged track that has not
been used for the reconstruction of the Btag, the sig-
nal D(⇤), or the lepton. For the B0 ! D0⇡+`�⌫̄`
and the B0 ! D⇤0⇡+`�⌫̄` decays, we additionally re-
quire the invariant mass di↵erence M(D⇡) � M(D) to
be greater than 0.18 GeV/c2 to veto B0 ! D⇤+`�⌫̄`
events. To reduce the combinatorial background in the
B0 ! D⇤0⇡+`�⌫̄` mode, we also require the total extra
energy in the event, obtained by summing the energy of
all the showers in the electromagnetic calorimeter that
have not been assigned to the Btag or the D(⇤)`� candi-
dates, to be less than 1 GeV.

The exclusive semileptonic B decays are identified
by the missing mass squared in the event, m2

miss =
(p(� (4S)) � p(Btag) � p(D(⇤)(⇡)) � p(`))2, defined in
terms of the particle four-momenta in the CM frame
of the reconstructed final states. For correctly recon-
structed signal events, the only missing particle is the
neutrino, and m2

miss peaks at zero. Other B semileptonic
decays, where one particle is not reconstructed (feed-
down) or is erroneously added (feed-up) to the charm
candidate, exhibit higher or lower values in m2

miss. To
obtain the B semileptonic signal yields, we perform a
one-dimensional extended binned maximum likelihood
fit [15] to the m2

miss distributions. The fitted data sam-
ples are assumed to contain four di↵erent types of events:
B ! D(⇤)(⇡)`�⌫̄` signal events, feed-down or feed-up
from other B semileptonic decays, combinatoric BB and
continuum background, and hadronic B decays (mainly
due to hadrons misidentified as leptons). For the fit to the
m2

miss distributions of the B ! D(⇤)⇡`�⌫̄` channel, we
also include a component corresponding to other misre-
constructed B ! D⇤⇤(D⇤⇡)`�⌫̄` decays. We use the MC
predictions for the di↵erent B semileptonic decay m2

miss

distributions to obtain the Probability Density Functions
(PDFs). The combinatoric BB and continuum back-
ground shape is also estimated by the MC simulation,
and we use the o↵-peak data to provide the continuum
background normalization. The shape of the continuum
background distribution predicted by the MC simulation
is consistent with that obtained from the o↵-peak data.

The m2
miss distributions are compared with the results

of the fits in Fig. 1 for each of the B ! D(⇤)(⇡)`�⌫̄`
channels. The fitted signal yields and the signal e�cien-
cies, accounting for the Btag reconstruction, are listed in
Table I.

To reduce the systematic uncertainty, the exclusive
B(B ! D(⇤)(⇡)`�⌫̄`) branching fractions relative to the
inclusive semileptonic branching fraction are measured.
A sample of B ! X`�⌫̄` events is selected by identifying
a charged lepton with CM momentum greater than 0.6
GeV/c and the correct charge-flavor correlation with the
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FIG. 1: (Color online) Fit to the m2
miss distribution for a)

B� ! D0`�⌫̄`, b) B� ! D⇤0`�⌫̄`, c) B0 ! D+`�⌫̄`, d)
B0 ! D⇤+`�⌫̄`, e) B� ! D+⇡�`�⌫̄`, f) B� ! D⇤+⇡�`�⌫̄`,
g) B0 ! D0⇡+`�⌫̄`, and h) B0 ! D⇤0⇡+`�⌫̄`: the data
(points with error bars) are compared to the results of the
overall fit (sum of the solid histograms). The PDFs for the
di�erent fit components are stacked and shown in di�erent
colors.

Btag candidate. In the case of multiple Btag candidates
in an event, we select the one reconstructed in the decay
channel with the highest purity, defined as the fraction of
signal events in the mES signal region. Background com-
ponents peaking in the mES signal region include cascade
B meson decays (i.e., the lepton does not come directly
from the B) and hadronic decays, and are subtracted
by using the corresponding MC distributions. The total
yield for the inclusive B ! X`�⌫̄` decays is obtained
from a maximum likelihood fit to the mES distribution
of the Btag candidates using an ARGUS function [16]
for the description of the combinatorial BB and contin-
uum background, and a Crystal Ball function [17] for the
signal. Additional Crystal Ball and ARGUS functions
are used to model a broad-peaking component, included
in the signal definition, due to real B ! X`�⌫̄` decays
for which, in the Btag reconstruction, neutral particles
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candidates.

* Events are analyzed in mD⇡ � mD

in 0.18 GeV/c2.

* mD⇡ � mD Distributions after fit

! a): B� ! D⇤ +⇡� ` ⌫̄`
b): B� ! D+⇡� ` ⌫̄`
c): B̄0 ! D0⇡+ ` ⌫̄`
d): B̄0 ! D⇤ 0⇡� ` ⌫̄`

5

decays.

We reconstruct B� ! D(⇤)+⇡�`�⌫̄` and B0 !
D(⇤)0⇡+`�⌫̄` decays starting from the corresponding
B ! D(⇤)X`�⌫̄` samples and selecting events with only
one additional reconstructed charged track that has not
been used for the reconstruction of the Btag, the sig-
nal D(⇤), or the lepton. For the B0 ! D0⇡+`�⌫̄`
and the B0 ! D⇤0⇡+`�⌫̄` decays, we additionally re-
quire the invariant mass di↵erence M(D⇡) � M(D) to
be greater than 0.18 GeV/c2 to veto B0 ! D⇤+`�⌫̄`
events. To reduce the combinatorial background in the
B0 ! D⇤0⇡+`�⌫̄` mode, we also require the total extra
energy in the event, obtained by summing the energy of
all the showers in the electromagnetic calorimeter that
have not been assigned to the Btag or the D(⇤)`� candi-
dates, to be less than 1 GeV.

The exclusive semileptonic B decays are identified
by the missing mass squared in the event, m2

miss =
(p(� (4S)) � p(Btag) � p(D(⇤)(⇡)) � p(`))2, defined in
terms of the particle four-momenta in the CM frame
of the reconstructed final states. For correctly recon-
structed signal events, the only missing particle is the
neutrino, and m2

miss peaks at zero. Other B semileptonic
decays, where one particle is not reconstructed (feed-
down) or is erroneously added (feed-up) to the charm
candidate, exhibit higher or lower values in m2

miss. To
obtain the B semileptonic signal yields, we perform a
one-dimensional extended binned maximum likelihood
fit [15] to the m2

miss distributions. The fitted data sam-
ples are assumed to contain four di↵erent types of events:
B ! D(⇤)(⇡)`�⌫̄` signal events, feed-down or feed-up
from other B semileptonic decays, combinatoric BB and
continuum background, and hadronic B decays (mainly
due to hadrons misidentified as leptons). For the fit to the
m2

miss distributions of the B ! D(⇤)⇡`�⌫̄` channel, we
also include a component corresponding to other misre-
constructed B ! D⇤⇤(D⇤⇡)`�⌫̄` decays. We use the MC
predictions for the di↵erent B semileptonic decay m2

miss

distributions to obtain the Probability Density Functions
(PDFs). The combinatoric BB and continuum back-
ground shape is also estimated by the MC simulation,
and we use the o↵-peak data to provide the continuum
background normalization. The shape of the continuum
background distribution predicted by the MC simulation
is consistent with that obtained from the o↵-peak data.

The m2
miss distributions are compared with the results

of the fits in Fig. 1 for each of the B ! D(⇤)(⇡)`�⌫̄`
channels. The fitted signal yields and the signal e�cien-
cies, accounting for the Btag reconstruction, are listed in
Table I.

To reduce the systematic uncertainty, the exclusive
B(B ! D(⇤)(⇡)`�⌫̄`) branching fractions relative to the
inclusive semileptonic branching fraction are measured.
A sample of B ! X`�⌫̄` events is selected by identifying
a charged lepton with CM momentum greater than 0.6
GeV/c and the correct charge-flavor correlation with the
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FIG. 1: (Color online) Fit to the m2
miss distribution for a)

B� ! D0`�⌫̄`, b) B� ! D⇤0`�⌫̄`, c) B0 ! D+`�⌫̄`, d)
B0 ! D⇤+`�⌫̄`, e) B� ! D+⇡�`�⌫̄`, f) B� ! D⇤+⇡�`�⌫̄`,
g) B0 ! D0⇡+`�⌫̄`, and h) B0 ! D⇤0⇡+`�⌫̄`: the data
(points with error bars) are compared to the results of the
overall fit (sum of the solid histograms). The PDFs for the
di�erent fit components are stacked and shown in di�erent
colors.

Btag candidate. In the case of multiple Btag candidates
in an event, we select the one reconstructed in the decay
channel with the highest purity, defined as the fraction of
signal events in the mES signal region. Background com-
ponents peaking in the mES signal region include cascade
B meson decays (i.e., the lepton does not come directly
from the B) and hadronic decays, and are subtracted
by using the corresponding MC distributions. The total
yield for the inclusive B ! X`�⌫̄` decays is obtained
from a maximum likelihood fit to the mES distribution
of the Btag candidates using an ARGUS function [16]
for the description of the combinatorial BB and contin-
uum background, and a Crystal Ball function [17] for the
signal. Additional Crystal Ball and ARGUS functions
are used to model a broad-peaking component, included
in the signal definition, due to real B ! X`�⌫̄` decays
for which, in the Btag reconstruction, neutral particles
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Semi-inclusive B → D(∗) π `ν̄` measurements: Belle
Phys.Rev. D77 (2008) 091503; arXiv:0711.3252

* Tagged measurement: 85% of Belle dataset (605/fb)

∗ Hadronic tag: Btag → DY with ”π ∈ Y ”
− mES > 5.27GeV/c2 and |∆E | < 40 MeV

∗ Signal/recoil side: lepton with p∗l ≥ 1.0 GeV/c;
reconstruct D and D∗ candidates from K and π

∗ Events analyzed in fit to m2
miss = m2

ν :
Continuum and BB̄ Background subtracted from data using ∆E and

m
D(∗) sidebands. Down feed from simulation.

→ 2a) B− → D+π− ` ν̄`
2c) B̄0 → D0π+ ` ν̄`
2b) B− → D∗+π− ` ν̄`
2d) B̄0 → D∗ 0π− ` ν̄`

→ Fit function: relativistic Breit-Wigner.

∗ Signal BF extracted with normalization channel
(B → D ` ν̄`, to cancel tagging systematics)

[%]

B+ → D−π+ `+ ν` 0.40± 0.04± 0.06

B+ → D∗−π+ `+ ν` 0.65± 0.08± 0.09

B0 → D̄0π− `+ ν` 0.42± 0.07± 0.06

B0 → D̄∗ 0π− `+ ν` 0.56± 0.21± 0.08
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described in the text.
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HFAG averages and summary
arXiv:1207.1158v1

* BABAR and Belle are in good agreement:

[%] BABAR

B+ → D−π+ `+ ν` 0.42± 0.06± 0.03

B+ → D∗−π+ `+ ν` 0.59± 0.05± 0.04

B0 → D̄0π− `+ ν` 0.43± 0.08± 0.03

B0 → D̄∗ 0π− `+ ν` 0.48± 0.08± 0.04

[%] Belle

B+ → D−π+ `+ ν` 0.40± 0.04± 0.06

B+ → D∗−π+ `+ ν` 0.65± 0.08± 0.09

B0 → D̄0π− `+ ν` 0.42± 0.07± 0.06

B0 → D̄∗ 0π− `+ ν` 0.56± 0.21± 0.08

* HFAG averages for Branching Fractions:
(Private average =̂ isospin average of both modes with τ+0 = 1.079± 0.007)

[%] HFAG Private average

B+ → D−π+ `+ ν` 0.42± 0.05 0.44± 0.05

B+ → D∗−π+ `+ ν` 0.61± 0.05 0.58± 0.06

B+ → Dπ `+ ν` 0.63± 0.08 0.66± 0.08

B+ → D∗π `+ ν` 0.92± 0.08 0.87± 0.09

B+ → D(∗)π `+ ν` 1.55± 0.11 1.53± 0.12

[%] HFAG Private average

B̄0 → D0 π+ `− ν̄` 0.43± 0.06 0.41± 0.05

B̄0 → D∗ 0 π+ `− ν̄` 0.49± 0.08 0.54± 0.06

B̄0 → D π `− ν̄` 0.65± 0.09 0.61± 0.09

B̄0 → D∗ π `− ν̄` 0.74± 0.12 0.80± 0.09

B̄0 → D(∗) π `− ν̄` 1.38± 0.15 1.42± 0.12

The isospin factor applied to B+ → D̄(∗)−π+ `+ ν` or B̄0 → D(∗) 0 π+ `− ν̄` is 3
2

. For isospin

average assumed a 100% correlation on the uncertainties between isospin conjugated channels.
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iii.b Exclusive B → D∗∗
↪→D(∗)π

`ν̄`
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Exclusive B → D∗∗
↪→D(∗)π

`ν̄` measurements: BABAR

Phys.Rev.Lett. 101 (2008) 261802; arXiv:0808.0528v1

* Tagged measurement: 97% of BABAR dataset (417/fb)

∗ Hadronic tag: Btag → DY with ”K&π ∈ Y ”
≈ O(1000) decay modes

− 5.27GeV/c2 < mES < 5.29GeV/c2 & Btag w. highest Purity

∗ Signal/recoil side: lepton with p∗l ≥ 0.6 GeV/c;
reconstruct D and D∗ candidates from K and π

Further requirements:
mDπ − mD > 0.18 GeV/c2 to veto B → D∗ ` ν̄` events.

* Analyze mD(∗)π −mD(∗) in windows of m2
miss

— Variable cut on |m2
miss|; relative broad window for Dπ

— Signal (Breit-Wigner * Gaussian), resolution from MC.
— Bkg PDFs (KEYS or Exponential * Gaussian) from MC.
— D∗π → Dπ down feed fixed and from MC.

→ a) B− → D∗+π− ` ν̄` b) B− → D+π− ` ν̄`
c) B̄0 → D∗ 0π+ ` ν̄` d) B̄0 → D0π− ` ν̄`

→ Red: B → D1 ` ν̄` Green: B → D2 ` ν̄`
Purble: B → D′1 ` ν̄` Magenta: B → D0 ` ν̄`

* Fit results: isospin scaled HFAG numbers; fD2
= 1.56± 0.16

[%] D∗∗ → D(∗)π

B+ → D̄0
1 `

+ ν` 0.42± 0.05± 0.05

B+ → D̄∗ 0
2 `+ ν` 0.26± 0.03± 0.06

B+ → D̄′01 `+ ν` 0.41± 0.06± 0.06

B+ → D̄0
0 `

+ ν` 0.48± 0.06± 0.08

5

TABLE I: m2
miss selection criteria.

Mode Selection Criteria
B! ! D"+!!"!#̄! "0.25 < m2

miss < 0.25 GeV2/c4

B! ! D+!!"!#̄! "0.25 < m2
miss < 0.8 GeV2/c4

B0 ! D"0!+"!#̄! "0.2 < m2
miss < 0.35 GeV2/c4

B0 ! D0!+"!#̄! "0.15 < m2
miss < 0.85 GeV2/c4

D(!)0!+""#̄! decays starting from the corresponding
Btag + D(!)"" combinations. We select events with
only one additional reconstructed charged track, cor-
rectly matched to the D(!) flavor, that has not been used
for the reconstruction of the Btag, the signal D(!), or the
lepton. D(D!) candidates are selected within 2$ (1.5-
2.5$, depending on the D! decay mode) of the D mass
(D! ! D mass di!erence), where the resolution $ is typi-
cally around 8 (1-7) MeV/c2. For the B0 " D(!)0!+""#̄!

decay, we additionally require the invariant mass di!er-
ence m(D0!+) ! m(D0) to be greater than 0.18 GeV/c2

to veto B0 " D!+""#̄! events.

Semileptonic B " D!!""#̄! decays are identi-
fied by the missing mass squared in the event,

m2
miss =

!
p(% (4S)) ! p(Btag) ! p(D(!)!) ! p(")

"2
, de-

fined in terms of the particle four-momenta. For correctly
reconstructed signal events, the only missing particle is
the neutrino, and m2

miss peaks at zero. Other B semilep-
tonic decays, where one particle is not reconstructed
(feed-down) or is erroneously added to the charm candi-
date (feed-up), exhibit higher or lower values in m2

miss [7].
In feed-down cases where both a D and a D! candidate
have been reconstructed, we keep only the latter candi-
date.

The m2
miss selection criteria are listed in Table I. The

m2
miss region between 0.2 and 1 GeV2/c4 for B "

D!""#̄! events is dominated by feed-down from B "
D!!(" D!!)""#̄! semileptonic decays where the soft
pion from the D! decay is not reconstructed. In order
to retain these events we apply an asymmetric cut on
m2

miss for these modes.

The signal yields for the B " D!!""#̄! decays are
extracted through a simultaneous unbinned maximum
likelihood fit to the four m(D(!)!) ! m(D(!)) distribu-
tions. With the current statistics, validation studies on
MC samples show that our sensitivity to non-resonant
B " D(!)!""#̄! decays is limited. Including hypothe-
ses for these components results in a fitted contribution
that is consistent with zero. Thus we assume that these
non-resonant contributions are negligible. The probabil-
ity that B " D!!(" D!!)""#̄! decays are reconstructed
as B " D!!(" D!)""#̄! is determined with the MC sim-
ulation to be 26%(59%) for the B"(B0) sample and held
fixed in the fit.

The Probability Density Functions (PDFs) for the
D!! signal components are determined using MC B "
D!!""#̄! signal events. A convolution of a Breit-Wigner
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FIG. 1: (Color online) Fit to the m(D(")!) " m(D(")) dis-
tribution for a) B! ! D"+!!"!#̄!, b) B! ! D+!!"!#̄!, c)
B0 ! D"0!+"!#̄!, and d) B0 ! D0!+"!#̄!: the data (points
with error bars) are compared to the results of the overall fit
(sum of the solid distributions). The PDFs for the di!erent
fit components are stacked and shown in di!erent colors.

function with a Gaussian, whose resolution is determined
from the simulation, is used to model the D!! resonances.
The D!! masses and widths are fixed to measured val-
ues [5]. We rely on the MC prediction for the shape
of the combinatorial and continuum background. A non-
parametric KEYS function [18] is used to model this com-
ponent for the D!!""#̄! sample, while for the D!""#̄!

sample we use the convolution of an exponential with
a Gaussian to model the tail from virtual D! mesons.
The combinatorial and continuum background yields are
estimated from data. We fit the hadronic Btag mES dis-
tributions for B " D!!""#̄! events as described in [7],

13 / 30



Exclusive B → D∗∗
↪→D(∗)π

`ν̄` measurements: Belle
Phys.Rev. D77 (2008) 091503; arXiv:0711.3252

* Tagged measurement: 85% of Belle dataset (605/fb)

∗ Hadronic tag: Btag → DY with ”π ∈ Y ”
− mES > 5.27GeV/c2 and |∆E | < 40 MeV

∗ Signal/recoil side: lepton with p∗l ≥ 1.0 GeV/c;
reconstruct D and D∗ candidates from K and π

* Analyze mD(∗)π −mD(∗) in windows of m2
miss

— Cut on |m2
miss| < 0.1 GeV2/c4

— Continuum and BB̄ Bkg subtracted data using sidebands.
— Signal (Breit-Wigner; NR shape from MC)
— D∗π → Dπ down feed fixed and from MC.

a) B− → D+π− ` ν̄` b) B− → D∗+π− ` ν̄`
c) B̄0 → D0π+ ` ν̄` d) B̄0 → D∗ 0π− ` ν̄`

* Fit results: Isospin averaged modes; values HFAG rescaled

[%] D∗∗ → D(∗)π

B+ → D̄0
1 `

+ ν` 0.67± 0.10± 0.09

B+ → D̄∗ 0
2 `+ ν` 0.72± 0.03± 0.06

B+ → D̄′01 `+ ν` −0.05± 0.09± 0.11

B+ → D̄0
0 `

+ ν` 0.37± 0.05± 0.09
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FIG. 2: Hadronic invariant mass distributions for: a) B+ ! D!!+"+#, b) B+ ! D"!!+"+#, c)

B0 ! D̄0!!"+#, d) B0 ! D̄"0!!"+#. Insets show the distributions before background subtraction

in the region around the narrow D""’s. The background is shown as the hatched histogram. The

curves are the fits, which are described in the text.
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HFAG averages and summary B → D∗∗
↪→D(∗)π

`ν̄`: Narrow states D1

arXiv:1207.1158v1

* HFAG Summary of D1 Branching Fractions:
(isospin averaged)

[%] HFAG

B+ → D̄0
1 `

+ ν`
↪→ D∗−π+ 0.285± 0.018

B+ → D̄0
1 `

+ ν`
↪→ D∗π 0.428± 0.027

The isospin factor applied to B+ → D̄0
1 `

+ ν` with two-

body fragmentations is 3
2

.

Table 60: Average of the branching fraction B(B! ! D
!0
1 (D"+!!)"!#!) " B(D

!0
1 ! D"+!!))

and individual results.

Experiment B(B! ! D
!0
1 (D"+!!)"!#!))[%] B(B! ! D

!0
1 (D"+!!)"!#!))[%]

(rescaled) (published)

DELPHI [383] 0.74 ± 0.17stat ± 0.18syst 0.83 ± 0.17stat ± 0.18syst

Belle [375] #0.03 ± 0.06stat ± 0.07syst #0.03 ± 0.06stat ± 0.07syst

BABAR [381] 0.27 ± 0.04stat ± 0.04syst 0.27 ± 0.04stat ± 0.05syst

Average 0.13 ± 0.04 !2/dof = 18./2 (CL=0.001%)

Table 61: Average of the branching fraction B(B! ! D"0
0 (D+!!)"!#!) " B(D"0

0 ! D+!!))
and individual results.

Experiment B(B! ! D"0
0 (D+!!)"!#!))[%] B(B! ! D"0

0 (D+!!)"!#!))[%]
(rescaled) (published)

Belle Tagged B! [375] 0.25 ± 0.04stat ± 0.06syst 0.24 ± 0.04stat ± 0.06syst

Belle Tagged B0 [375] 0.23 ± 0.08stat ± 0.06syst 0.24 ± 0.04stat ± 0.06syst

BABAR Tagged [381] 0.32 ± 0.04stat ± 0.05syst 0.26 ± 0.05stat ± 0.04syst

Average 0.29 ± 0.05 !2/dof = 0.83/2 (CL=66%)

)  [%]-π * + D→ 0
1

) B(Dν - l0
1 D→ -B(B

0 0.5 1
)  [%]-π * + D→ 0

1
) B(Dν - l0

1 D→ -B(B
0 0.5 1

ALEPH
 0.07± 0.10 ±0.45 

OPAL
 0.10± 0.21 ±0.59 

CLEO
 0.06± 0.09 ±0.35 

D0
 0.04± 0.02 ±0.22 

BELLE B+
 0.06± 0.07 ±0.44 

BELLE B0
 0.08± 0.20 ±0.60 

BABAR Tagged
 0.03± 0.03 ±0.28 

BABAR Untagged B+
 0.02± 0.02 ±0.29 

BABAR Untagged B0
 0.03± 0.03 ±0.30 

Average 
 0.02±0.28 

HFAG
End Of 2011 /dof = 11.0/ 8 (CL = 13.30 %)2χ

)  [%]-π * + D→ 0
2

) B(Dν - l0
2 D→ -B(B

-0.2 0 0.2
)  [%]-π * + D→ 0

2
) B(Dν - l0

2 D→ -B(B
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Figure 48: Average of the product of branching fraction (a) B(B! ! D0
1(D

"+!!)"!#!) "
B(D0

1 ! D"+!!) and (b) B(B! ! D0
2(D

"+!!)"!#!) " B(D0
2 ! D"+!!) The corresponding

individual results are also shown.

125

* Hadronic 3-Body modes: B(B → D1π)× B(D1 → Dππ) Phys.Rev. D84 (2011) 092001

Estimate B+ → D̄0
1 ↪→D(∗)ππ

`+ ν` via naive

scaling:

RD1
=
B(B+→D0

1π
+)×B(D0

1→Dππ)

B(B+→D0
1
π+)×B(D0

1
→D∗π)

= 0.67± 0.18

Assumes no isospin breaking effects

[%] Private

B+ → D̄0
1 `

+ ν`
↪→ D∗π 0.428± 0.027

B+ → D̄0
1 `

+ ν`
↪→ Dππ 0.287± 0.081

B+ → D̄0
1 `

+ ν`
↪→ D(∗)π(π) 0.715± 0.091
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HFAG averages and summary B → D∗∗
↪→D(∗)π

`ν̄`: Narrow states D2

arXiv:1207.1158v1

* HFAG Summary of D2 Branching Fractions:
(isospin averaged)

[%] HFAG

B+ → D̄0
2 `

+ ν`
↪→ D∗+π− 0.074± 0.007

B+ → D̄0
2 `

+ ν`
↪→ D(∗)+π− 0.189± 0.035

B+ → D̄0
2 `

+ ν`
↪→ D(∗)π 0.284± 0.050

The isospin factors applied to B+ → D̄0
2 `

+ ν` or B0 →
D̄+

2 `
− ν̄` with two-body fragmentations is 3

2
. HFAG

combined the D2 → Dπ channel with fD2
= 2.2± 0.5.

I’ve applied a scaling using the PDG value for the resulting

HFAG number of fD2
= 1.56±0.16 to obtain the D(∗)π

branching fraction.

Table 60: Average of the branching fraction B(B! ! D
!0
1 (D"+!!)"!#!) " B(D

!0
1 ! D"+!!))

and individual results.

Experiment B(B! ! D
!0
1 (D"+!!)"!#!))[%] B(B! ! D

!0
1 (D"+!!)"!#!))[%]

(rescaled) (published)

DELPHI [383] 0.74 ± 0.17stat ± 0.18syst 0.83 ± 0.17stat ± 0.18syst

Belle [375] #0.03 ± 0.06stat ± 0.07syst #0.03 ± 0.06stat ± 0.07syst

BABAR [381] 0.27 ± 0.04stat ± 0.04syst 0.27 ± 0.04stat ± 0.05syst

Average 0.13 ± 0.04 !2/dof = 18./2 (CL=0.001%)

Table 61: Average of the branching fraction B(B! ! D"0
0 (D+!!)"!#!) " B(D"0

0 ! D+!!))
and individual results.

Experiment B(B! ! D"0
0 (D+!!)"!#!))[%] B(B! ! D"0

0 (D+!!)"!#!))[%]
(rescaled) (published)

Belle Tagged B! [375] 0.25 ± 0.04stat ± 0.06syst 0.24 ± 0.04stat ± 0.06syst

Belle Tagged B0 [375] 0.23 ± 0.08stat ± 0.06syst 0.24 ± 0.04stat ± 0.06syst

BABAR Tagged [381] 0.32 ± 0.04stat ± 0.05syst 0.26 ± 0.05stat ± 0.04syst

Average 0.29 ± 0.05 !2/dof = 0.83/2 (CL=66%)

)  [%]-π * + D→ 0
1

) B(Dν - l0
1 D→ -B(B

0 0.5 1
)  [%]-π * + D→ 0

1
) B(Dν - l0

1 D→ -B(B
0 0.5 1

ALEPH
 0.07± 0.10 ±0.45 

OPAL
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CLEO
 0.06± 0.09 ±0.35 

D0
 0.04± 0.02 ±0.22 

BELLE B+
 0.06± 0.07 ±0.44 

BELLE B0
 0.08± 0.20 ±0.60 

BABAR Tagged
 0.03± 0.03 ±0.28 

BABAR Untagged B+
 0.02± 0.02 ±0.29 

BABAR Untagged B0
 0.03± 0.03 ±0.30 

Average 
 0.02±0.28 
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Figure 48: Average of the product of branching fraction (a) B(B! ! D0
1(D

"+!!)"!#!) "
B(D0

1 ! D"+!!) and (b) B(B! ! D0
2(D

"+!!)"!#!) " B(D0
2 ! D"+!!) The corresponding

individual results are also shown.

125

* Hadronic 3-Body modes: seem negligible cf. Phys.Rev.Lett. 94 (2005) 221805
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HFAG averages and summary B → D∗∗
↪→D(∗)π

`ν̄`: broad states
arXiv:1207.1158v1

* How much space is there for broad or continuum states?

[%] HFAG

B+ → D̄0
2 `

+ ν`
↪→ Dπ 0.12± 0.02

B+ → D∗∗(1P)narrow `
+ ν`

↪→ Dπ 0.12± 0.02

Semi-inclusive

[%] Private average

B+ → Dπ `+ ν` 0.66± 0.08

[%] HFAG

B+ → D̄0
1 `

+ ν`
↪→ D∗π 0.43± 0.03

B+ → D̄0
2 `

+ ν`
↪→ D∗π 0.07± 0.01

B+ → D∗∗(1P)narrow `
+ ν`

↪→ D∗π 0.50± 0.03

Semi-inclusive:

[%] Private average

B+ → D∗π `+ ν` 0.87± 0.09

→
B(B+ → Dπ `+

ν`)− B(B+ → D∗∗(1P)narrow↪→Dπ `
+
ν`) = (0.54± 0.08) %

B(B+ → D∗π `+
ν`)− B(B+ → D∗∗(1P)narrow↪→D∗π `

+
ν`) = (0.37± 0.10) %
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HFAG averages and summary B → D∗∗
↪→D(∗)π

`ν̄`: Broad states D0

arXiv:1207.1158v1

* HFAG Summary of D0 Branching Fractions:
(isospin averaged)

[%] HFAG

B+ → D̄0
0 `

+ ν`
↪→ D−π+ 0.29± 0.05

B+ → D̄0
0 `

+ ν`
↪→ Dπ 0.44± 0.08

The isospin factor applied to B+ → D̄0
1 `

+ ν` or B0 →
D̄+

1 `
− ν̄` with two-body fragmentations is 3

2
.f

)  [%]-π *+ D→ ’0
1

) B(Dν - l’0
1 D→ -B(B

-0.5 0 0.5 1
)  [%]-π *+ D→ ’0

1
) B(Dν - l’0

1 D→ -B(B
-0.5 0 0.5 1

DELPHI

 0.18± 0.17 ±0.74 

BELLE

 0.07± 0.06 ±-0.03 

BABAR

 0.04± 0.04 ±0.27 

Average 

 0.05±0.14 

HFAG
End Of 2011

/dof = 18.0/ 2 (CL = 0.00 %)2χ

)  [%]-π + D→ *0
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0
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 0.06± 0.04 ±0.25 
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 0.06± 0.08 ±0.23 

BABAR Tagged

 0.05± 0.04 ±0.32 

Average 
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a) b)

Figure 49: Average of the product of branching fraction (a) B(B! ! D"0
1 (D#+!!)"!#!) "

B(D"0
1 ! D#+!!) and (b) B(B! ! D#0

0 (D#+!!)"!#!) " B(D#0
0 ! D+!!) The corresponding

individual results are also shown.

5.2 Inclusive CKM-favored decays

5.2.1 Global analysis of B ! Xc"
!#!

The semileptonic width !(B ! Xc"
!#!) has been calculated in the framework of the Operator

Product Expansion. The result is a double-expansion in $QCD/mb and %s, which depends on
a number of non-perturbative parameters. These parameters can be measured using other
observables in B ! Xc"

!#! decays, such as the moments of the lepton energy and the hadronic
mass spectrum.

Two independent sets of theoretical expressions, referred to as kinetic [384–386] and 1S
schemes [387] are available for this kind of analysis. The non-perturbative parameters in the
kinetic scheme are: the quark masses mb and mc, µ2

" and µ2
G at O(1/m2

b), and &3
D and &3

LS at
O(1/m3

b). In the 1S scheme, the parameters are: mb, '1 at O(1/m2
b), and &1, (1, (2 and (3 at

O(1/m3
b). Note that due to the di"erent definitions, the results for the quark masses cannot be

compared directly between the two schemes.
Our analysis uses all available measurements of moments in B ! Xc"

!#!, excluding only
points with too high correlation to avoid numerical issues. The list of included measurements
is given in Table 62. The only external input is the average lifetime (B of neutral and charged
B mesons, taken to be (1.582 ± 0.007) ps (Sect. 3).

Both in the kinetic and 1S scheme, the moments in B ! Xc"
!#! are not su#cient to

constrain the b-quark mass precisely, which limits the precision of the determination of |Vcb|.
This limitation can be overcome:

• by including the photon energy moments in B ! Xs) into the fit, or

• by applying a precise constraint on the c-quark mass.

126

⇒ Tricky measurement but consistent picture (?) : P-Value of combination 66%
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HFAG averages and summary B → D∗∗
↪→D(∗)π

`ν̄`: Broad states D ′1
arXiv:1207.1158v1

* HFAG Summary of D ′1 Branching Fractions:
(isospin averaged)

[%] HFAG

B+ → D̄′01 `+ ν`
↪→ D∗−π+ 0.13± 0.04

B+ → D̄′01 `+ ν`
↪→ D∗π 0.20± 0.06

The isospin factor applied to B+ → D̄0
1 `

+ ν` or B0 →
D̄+

1 `
− ν̄` with two-body fragmentations is 3

2
.

)  [%]-� *+ D� ’0
1

) B(D� - l’0
1 D� -B(B

-0.5 0 0.5 1
)  [%]-� *+ D� ’0

1
) B(D� - l’0

1 D� -B(B
-0.5 0 0.5 1

DELPHI

 0.18± 0.17 ±0.74 

BELLE

 0.07± 0.06 ±-0.03 

BABAR

 0.04± 0.04 ±0.27 

Average 

 0.05±0.14 

HFAG
End Of 2011

/dof = 18.0/ 2 (CL = 0.00 %)2�

a)

⇒ Not very consistent picture: Combination results in χ2/ndf = 18/2.

* How to deal with this?
i Blue line =̂ average without Belle ...
ii Maybe this just reflects our poor understanding ...
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HFAG averages and summary B → D∗∗
↪→D(∗)π

`ν̄`
arXiv:1207.1158v1

* Both measurements included continuum; both got yields compatible with zero5

TABLE I: m2
miss selection criteria.

Mode Selection Criteria
B! ! D"+!!"!#̄! "0.25 < m2

miss < 0.25 GeV2/c4

B! ! D+!!"!#̄! "0.25 < m2
miss < 0.8 GeV2/c4

B0 ! D"0!+"!#̄! "0.2 < m2
miss < 0.35 GeV2/c4

B0 ! D0!+"!#̄! "0.15 < m2
miss < 0.85 GeV2/c4

D(!)0!+""#̄! decays starting from the corresponding
Btag + D(!)"" combinations. We select events with
only one additional reconstructed charged track, cor-
rectly matched to the D(!) flavor, that has not been used
for the reconstruction of the Btag, the signal D(!), or the
lepton. D(D!) candidates are selected within 2$ (1.5-
2.5$, depending on the D! decay mode) of the D mass
(D! ! D mass di!erence), where the resolution $ is typi-
cally around 8 (1-7) MeV/c2. For the B0 " D(!)0!+""#̄!

decay, we additionally require the invariant mass di!er-
ence m(D0!+) ! m(D0) to be greater than 0.18 GeV/c2

to veto B0 " D!+""#̄! events.

Semileptonic B " D!!""#̄! decays are identi-
fied by the missing mass squared in the event,

m2
miss =

!
p(% (4S)) ! p(Btag) ! p(D(!)!) ! p(")

"2
, de-

fined in terms of the particle four-momenta. For correctly
reconstructed signal events, the only missing particle is
the neutrino, and m2

miss peaks at zero. Other B semilep-
tonic decays, where one particle is not reconstructed
(feed-down) or is erroneously added to the charm candi-
date (feed-up), exhibit higher or lower values in m2

miss [7].
In feed-down cases where both a D and a D! candidate
have been reconstructed, we keep only the latter candi-
date.

The m2
miss selection criteria are listed in Table I. The

m2
miss region between 0.2 and 1 GeV2/c4 for B "

D!""#̄! events is dominated by feed-down from B "
D!!(" D!!)""#̄! semileptonic decays where the soft
pion from the D! decay is not reconstructed. In order
to retain these events we apply an asymmetric cut on
m2

miss for these modes.

The signal yields for the B " D!!""#̄! decays are
extracted through a simultaneous unbinned maximum
likelihood fit to the four m(D(!)!) ! m(D(!)) distribu-
tions. With the current statistics, validation studies on
MC samples show that our sensitivity to non-resonant
B " D(!)!""#̄! decays is limited. Including hypothe-
ses for these components results in a fitted contribution
that is consistent with zero. Thus we assume that these
non-resonant contributions are negligible. The probabil-
ity that B " D!!(" D!!)""#̄! decays are reconstructed
as B " D!!(" D!)""#̄! is determined with the MC sim-
ulation to be 26%(59%) for the B"(B0) sample and held
fixed in the fit.

The Probability Density Functions (PDFs) for the
D!! signal components are determined using MC B "
D!!""#̄! signal events. A convolution of a Breit-Wigner
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FIG. 1: (Color online) Fit to the m(D(")!) " m(D(")) dis-
tribution for a) B! ! D"+!!"!#̄!, b) B! ! D+!!"!#̄!, c)
B0 ! D"0!+"!#̄!, and d) B0 ! D0!+"!#̄!: the data (points
with error bars) are compared to the results of the overall fit
(sum of the solid distributions). The PDFs for the di!erent
fit components are stacked and shown in di!erent colors.

function with a Gaussian, whose resolution is determined
from the simulation, is used to model the D!! resonances.
The D!! masses and widths are fixed to measured val-
ues [5]. We rely on the MC prediction for the shape
of the combinatorial and continuum background. A non-
parametric KEYS function [18] is used to model this com-
ponent for the D!!""#̄! sample, while for the D!""#̄!

sample we use the convolution of an exponential with
a Gaussian to model the tail from virtual D! mesons.
The combinatorial and continuum background yields are
estimated from data. We fit the hadronic Btag mES dis-
tributions for B " D!!""#̄! events as described in [7],
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B0 ! D̄0!!"+#, d) B0 ! D̄"0!!"+#. Insets show the distributions before background subtraction

in the region around the narrow D""’s. The background is shown as the hatched histogram. The

curves are the fits, which are described in the text.

11

→ Both measurements use very different setup: BABAR trusts simulation and uses cross feed to gain

sensitivity; Belle tries to use sidebands and makes strict cuts on m2
miss .
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HFAG averages and summary B → D∗∗
↪→D(∗)π

`ν̄`: continuum states
arXiv:1207.1158v1

* How much space is there for continuum states? Using the HFAG averages

[%] HFAG

B+ → D̄0
2 `

+ ν`
↪→ Dπ 0.12± 0.02

B+ → D̄0
0 `

+ ν`
↪→ Dπ 0.44± 0.08

B+ → D∗∗(1P) `+ ν`
↪→ Dπ 0.56± 0.08

Semi-inclusive

[%] Private average

B+ → Dπ `+ ν` 0.66± 0.08

[%] HFAG

B+ → D̄0
1 `

+ ν`
↪→ D∗π 0.43± 0.03

B+ → D̄0
2 `

+ ν`
↪→ D∗π 0.07± 0.01

B+ → D̄′01 `+ ν`
↪→ D∗π 0.20± 0.06

B+ → D∗∗(1P) `+ ν`
↪→ D∗π 0.70± 0.07

Semi-inclusive:

[%] Private average

B+ → D∗π `+ ν` 0.87± 0.09

→ Continuum B+ → Dπ `+ ν` & B+ → D∗π `+ ν`

B(B+ → Dπ `+
ν`)− B(B+ → D∗∗(1P)↪→Dπ `

+
ν`) = (0.10± 0.11) %

B(B+ → D∗π `+
ν`)− B(B+ → D∗∗(1P)↪→D∗π `

+
ν`) = (0.17± 0.11) %
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iii.c Exclusive B → D(∗)/D∗∗
↪→D(∗)π

`ν̄`
v

Inclusive B → Xc ` ν̄`
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Exclusive v Inclusive
Private averages; arXiv:1207.1158v1

* Summary: Optimistic & non-controversial

[%] HFAG

B+ → D̄0 `+ ν` 2.30± 0.10

B+ → D̄∗ 0 `+ ν` 5.34± 0.12

B+ → D̄0
0 `

+ ν`
↪→ Dπ 0.44± 0.08

B+ → D̄′01 `+ ν`
↪→ D∗π 0.20± 0.06

B+ → D̄0
1 `

+ ν`
↪→ D∗π 0.43± 0.03

B+ → D̄0
2 `

+ ν`
↪→ D(∗)π 0.28± 0.05

B+ → D∗∗(1P) `+ ν`
↪→ D(∗)π 1.35± 0.12

B+ → D̄0
1 `

+ ν`
↪→ Dππ 0.29± 0.08

NR B+ → D̄ π `+ ν` 0.10± 0.11
NR B+ → D̄∗ π `+ ν` 0.17± 0.11∑

9.55± 0.26

Incl. B+ → Xc ` ν 10.91± 0.14

’Gap’ Incl. vs excl. 1.36± 0.30

[%] HFAG

B+ → D̄0 `+ ν` 2.30± 0.10

B+ → D̄∗ 0 `+ ν` 5.34± 0.12

B+ → D(∗)π `+ ν` 1.53± 0.12∑
9.17± 0.20

Incl. B+ → Xc ` ν 10.91± 0.14

’Gap’ Incl. vs excl. 1.74± 0.24

⇒ Significant Gap between inclusive v exclusive of 1.36 - 1.74 % (4.5 - 7.3 σ)

23 / 30



iv. Neglected channels?
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Missing modes

* Easiest explanation: we are missing some modes

* Obvious candidates: B → D(∗) π π `ν̄` & B → D(∗) η `ν̄`

* Origin? A bit unclear 3-body decays from the 1P states studied hadronically, all but D1 very small

→ List of prospective blameworthy sources:

* Continuum ?
* Beyond 1P? 2S or 1D?
* Something else?

* BABAR & Belle tell us, it’s not B+ → D
(∗)
s K+ ` ν` PDG Live from this morning

B(B+ → D(∗)
s K+

` ν`) = (0.061± 0.012) %

* Lesson from fully inclusive B → X ` ν̄` lepton spectrum:
→ Missing component has a hard lepton spectrum.
→ Continuum type models (e.g. Goity-Roberts type models, cf. Phys. Rev. D 51, 3459 ) tend to not

accommodate this
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iv. Semi-inclusive B → D(∗) X ` ν̄`
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Semi-inclusive B → D(∗) X ` ν̄`
Belle preliminary

* From Christian Oswald’s talk from ICHEP12:

 9

9Ch. Oswald  – Semileptonic B/Bs decays at Belle – ICHEP2012

Semi-inclusive

Full hadronic reconstruction of 
tag B with neural network

Reconstruction of signal:

2D unbinned fit in         and 

Secondary+fake lepton bkg subtracted 
from a      fit to the lepton momentum

(     modes)

(      modes)

x 2 B flavours
= 8 different modes

27 / 30



Semi-inclusive B → D(∗) X ` ν̄`
Belle preliminary

Ch. Oswald  – Semileptonic B/Bs decays at Belle – ICHEP2012 11

Summary

● Inclusive vs. Exclusive puzzle:

– Full semilept. width described by semi-inclusive modes:

first separate
measurement

● Study of inclusive semileptonic decays of the

                study
above 2.4 GeV

⇒ Inclusive rate well described by semi-inclusive measurement.

* Looking forward to learn from Belle what X is.

28 / 30



v. Summary
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Experimental status and Outlook

My take:

* Narrow states leave a relative consistent picture

* Situation with broad states:
∗ Discussion dominated by two measurements, both use slightly different approaches:
i BABAR relies more on MC, makes use of cross feed to gain sensitivity
ii Belle uses more data driven background estimates, but has a reduced sensitivity

→ Need more experimental input: j1/2 v j3/2 dominated by two measurements!

→ Continuum (e.g. Goity-Roberts type models, cf. Phys. Rev. D 51, 3459) produces mD∗π mass
spectrum not compatible with observation.

* Situation with ’Gap’:
∗ Missing modes most compelling explanation

→ B → D(∗) π π `ν̄` & B → D(∗) η `ν̄`
→ Semileptonic modes: need more tagged measurements from the B-Factories

* These decay modes are of course also present in the hadronic modes:
→ Interesting opportunity for LHCb to help the B-Factories.

Outlook from BABAR :

* Plan to look at B → D(∗) π π `ν̄` & B → D(∗) η `ν̄`

Outlook from Belle:

* Plan to look at X cf. slide 27 , maybe more ?
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