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1. Introduction
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Although the majority of attention in semileptonic b-hadron decays is currently devoted to
understanding the R(D(∗) ) and |Vxb | anomalies, there are several reasons to study semileptonic
decays beyond the traditional channels. For example, decays such as B → D∗∗ `ν have their own
long-standing puzzles, which challenge our understanding of non-perturbative QCD. These decays
also form important backgrounds for the R(D∗ ) analysis, and so it is desirable to improve our
knowledge if we are to be absolutely confident of any possible signal from beyond the Standard
Model.
Another important avenue to pursue is other b-hadron species. Relatively little is known about
0
Bs and Λ0b semileptonic decays. Studying these decays is interesting as they are sensitive to different hadronic form factors compared to the traditional B → D(∗) measurements. It is also an
important pre-cursory step for testing lepton universality and CKM element determination, where
agreement in several b-hadron species will bring the ultimate confidence in these controversial
measurements.

2. Measurements of B → D∗∗ `ν decays
Around 70% of the inclusive B → Xc `ν branching fraction, where Xc represents any charmed
hadron, is comprised of the ground and first excited states. The remaining 30% is denoted B →
D∗∗ `ν. Knowledge of B → D∗∗ `ν decays is mostly limited to the four p-wave states, depicted in
Fig. 1 from Ref. [3]. The analyses from Belle [1] and BaBar [2], which combined one additional
pion to the ground and first excited states revealed a couple of interesting anomalies. The first is the
fact the B → D∗∗ → D(∗) π`ν branching fraction is composed of approximately equal contributions
from the jq = 1/2 and jq = 3/2 states, where jq is the spin of light quark of the D∗∗ meson. This is
unexpected as theoretically one would expect the jq = 1/2 states to be suppressed. This anomaly
merits more precise measurement of the
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The second puzzle is that the B → D∗∗ → D(∗) π`ν branching fraction measurements did not
saturate the inclusive B → Xc `ν rate. This has been alleviated somewhat by a recent BaBar measurement [6] of B → (D∗∗ → D(∗) ππ)`ν rate, but still remains at the 2-3σ level as seen in Fig. 2.
This is in contrast to the situation with the tauonic channels, also shown in Fig 2, where the
branching fractions of B → D(∗) τν saturate the inclusive B → Xc τν rate measured at LEP. This
should be resolved if one is to be completely free of doubt regarding the enhancement seen in
B → D(∗) τν. Prospects for improving the understanding in this area include searching for the decay
B → (D∗∗ → D(∗) η)`ν, which is difficult due to the neutral final state. The B → (D∗∗ → D(∗) π)`ν
and motivation
B → (D∗∗ →Introduction
D(∗) ππ)`ν
decay channels can also be studied further, with prospects of measuring
Event selection
∗∗
Fit
R(D ) for the narrow states
[9].
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In addition to refining measurements of B → D(∗) transitions, studies of semileptonic B0s , Λ0b
0
and B+
c decays are vital to confirm and understanding the existing anomalies. The Bs system is
interesting for a few of reasons. Firstly, due to the fact that the D∗+
s meson decays only into
D+
γ,
only
two
helicity
states
are
available.
This
makes
the
form
factor
measurement somewhat
s
(∗)
0
different to the B → D case. Another interesting feature of Bs sector is that the jq = 1/2 D∗∗+
states are narrow, which is the opposite of the situation in the B → D∗∗ case. Perhaps studies
B0s → D∗∗+
transitions could help shed light on the 1/2 vs 2/3 puzzle. Finally, lattice calculations
s
are generally more precise than in B0 and B+ decays due to the larger mass of the s-quark, see for
example Ref. [10] for a comparison between the B → π and B0s → K form factors.
Experimental knowledge of B0s is rather limited, with the most precise measurement from
the Belle experiment [11]. With its large B0s sample, the LHCb experiment could be expected to
contribute here. The decay signature of D+
s γ might be an interesting signature theoretically but it is
quite tricky to deal with experimentally. The photon from the D∗+
s will be very soft as the decay is
2
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4. Conclusion
In summary, measurements outside the traditional B → D(∗) `ν channels will become increasingly more important to complete the picture of semileptonic field. Improvements to B → D∗∗ `ν
measurements will be important to solve some puzzles which (rightly or wrongly) cast doubt over
the observed enhancement in B → D(∗) τν. Measurements of other b-hadrons have the potential to
provide lepton universality and CKM element measurements with complementary theoretical and
experimental uncertainties. This would provide confidence that the theoretical and experimental
systematic uncertainties are under control for these challenging and controversial measurements.
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