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1. Overview

We analyze the B semileptonic decays into orbitally excited charmed
mesons reported by Belle [1] and BaBar [2,3] collaborations. These
processes involve two steps: a weak decay of the B meson and a strong
decay of the charmed meson. The matrix elements for semileptonic
decays can be parametrized in terms of form factors which, within the
spectator approximation, can be evaluated from the wave functions of
the mesons involved in the decay. We evaluate these wave functions us-
ing the Constituent Quark Model of Ref. [4] which successfully describes
hadron phenomenology and reactions. Strong decay widths are calcu-
lated consistently within the same model using a 3P0 and a microscopic
one, where the strong decay is driven by the same interquark potential
which determines the meson spectrum. We have extended the study
to the Bs semileptonic decays into orbitally excited charmed-strange
mesons, providing predictions to possible results from experiment to be
carried out at the LHC.
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2. Constituent Quark Model
(CQM)

• Spontaneous chiral symmetry breaking ⇒ Goldstone-Bosons ex-
change:

L = ψ̄
(

iγµ∂µ −MUγ5
)

ψ →Uγ5 = 1 + i
fπ
γ5λaπa − 1

2f 2π
πaπa + ...

M (q2) = mqF
(

q2
)

= mq

[

Λ2

Λ2+q2

]1/2

• QCD perturbative effects ⇒ One-Gluon Exchange:

L = i
√
4παs ψ̄γµG

µλcψ

• Confinement (linear screened potential):

V CCON (~rij) =
[

−ac(1− e−µcrij) + ∆
]

(~λci · ~λcj)

3. Description of the weak
decay
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Form factor decomposition of the matrix elements and the expressions
for the differential decay widths can be found in Ref. [4, 5].

4. Description of the strong
decay

Meson strong decay is a complex non-perturbative process that has
not yet been described from QCD first principles. Instead, several phe-
nomenological models have been developed to deal with this topic.

• 3P0 decay model:

α

β
A

δ

ǫ
B

λ

ρ
C

α

β
A

δ

ǫ
B

λ

ρ
C

1

HI = g

∫

d3x ψ̄(~x)ψ(~x)

• Microscopic decay model:
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5. Comparing CQM with HQS

The scenario described by our CQM is almost the one predicted by
HQS.

D∗
0 D1 D′

1 D∗
2

3P0 +, 1.0000 - - -
1P1 - −, 0.5903 +, 0.4097 -
3P1 - +, 0.4097 +, 0.5903 -
3P2 - - - +, 0.99993

1/2, 0+ +1.0000 - - -
1/2, 1+ - +, 0.0063 + 0.9937 -
3/2, 1+ - +, 0.9937 − 0.0063 -
3/2, 2+ - - - +, 0.99993

D∗
s0 Ds1 D′

s1 D∗
s2

3P0 +1.0000 - - -
1P1 - − 0.4429 + 0.5571 -
3P1 - + 0.5571 + 0.4429 -
3P2 - - - + 0.99991

1/2, 0+ +, 1.0000 - - -
1/2, 1+ - + 0.0509 + 0.9491 -
3/2, 1+ - + 0.9491 − 0.0509 -
3/2, 2+ - - - + 0.99991

6. Some relevant properties
about strong decays

• B(D∗
0 → Dπ±) = B(D′

1 → D∗π±) = B(D1 → D∗π±) = 2/3.

• Strong decay properties for D∗
2 meson:

B Exp. 3P0 Microscopic

Γ(D∗+
2 →D0π+)

Γ(D∗+
2 →D∗0π+)

1.9± 1.1± 0.3 1.80 1.97

Γ(D∗0
2 →D+π−)

Γ(D∗0
2 →D∗+π−)

1.56± 0.16 1.82 1.97

Γ(D∗
2→Dπ)

Γ(D∗
2→D(∗)π)

0.62± 0.03± 0.02 0.64 0.66

• The structure of D∗
s0 and D

′
s1 mesons is still unknown.

•Ref. [7] together with these results explain all available data of the
Ds1 meson as a cs̄.

• Strong decay properties for D∗
s2 meson:

B 3P0 Microscopic

D∗−
s2 → D∗−K̄0 0.0470 0.0302

D∗−
s2 → D−K̄0 0.4530 0.4698

Γ(D∗
s2→DK)

Γ(D∗
s2→D(∗)K)

0.9060 0.9396

7. Results and conclusions

Belle [1] BaBar [2,3] 3P0 Mic.

(×10−3) (×10−3) (×10−3) (×10−3)

D∗
0(2400)

B(B+ → D̄∗0
0 l

+νl)B(D̄∗0
0 → D−π+) 2.4± 0.4± 0.6 2.6± 0.5± 0.4 2.1528 2.1528

B(B0 → D∗−
0 l+νl)B(D∗−

0 → D̄0π−) 2.0± 0.7± 0.5 4.4± 0.8± 0.6 1.7958 1.7958

D′
1(2430)

B(B+ → D̄
′0
1 l

+νl)B(D̄
′0
1 → D∗−π+) < 0.7 2.7± 0.4± 0.5 1.3185 1.3185

B(B0 → D
′−
1 l

+νl)B(D
′−
1 → D̄∗0π−) < 5 3.1± 0.7± 0.5 1.2283 1.2283

D1(2420)

B(B+ → D̄0
1l
+νl)B(D̄0

1 → D∗−π+) 4.2± 0.7± 0.7 2.97± 0.17± 0.17 2.5701 2.5701

B(B0 → D−
1 l

+νl)B(D−
1 → D̄∗0π−) 5.4± 1.9± 0.9 2.78± 0.24± 0.25 2.3857 2.3857

D∗
2(2460)

B(B+ → D̄∗0
2 l

+νl)B(D̄∗0
2 → D−π+) 2.2± 0.3± 0.4 1.4± 0.2± 0.2(∗) 1.4338 1.4744

B(B+ → D̄∗0
2 l

+νl)B(D̄∗0
2 → D∗−π+) 1.8± 0.6± 0.3 0.9± 0.2± 0.2(∗) 0.7877 0.7470

B(B+ → D̄∗0
2 l

+νl)B(D̄∗0
2 → D(∗)−π+) 4.0± 0.7± 0.5 2.3± 0.2± 0.2 2.2215 2.2214

B(B0 → D∗−
2 l+νl)B(D∗−

2 → D̄0π−) 2.2± 0.4± 0.4 1.1± 0.2± 0.1(∗) 1.3373 1.3778

B(B0 → D∗−
2 l+νl)B(D∗−

2 → D̄∗0π−) < 3 0.7± 0.2± 0.1(∗) 0.7406 0.7001

B(B0 → D∗−
2 l+νl)B(D∗−

2 → D̄(∗)0π−) < 5.2 1.8± 0.3± 0.1 2.0779 2.0779

BD/D(∗) 0.55± 0.03 0.62± 0.03± 0.02 0.6454 0.6638

PDG Theory

(×10−3) (×10−3)

D∗
s0(2318)

B(B0
s → D∗

s0(2318)
−µ+νµ) - 4.4282

Ds1(2460)

B(B0
s → Ds1(2460)

−µ+νµ) - 1.74− 5.70

Ds1(2536)
3P0 Mic.

B(B0
s → Ds1(2536)

−µ+νµ)B(Ds1(2536)− → D∗−K̄0) 2.4± 0.7 2.0491 2.2397

D∗
s2(2573)

3P0 Mic.

B(B0
s → D∗

s2(2573)
−µ+νµ)B(D∗

s2(2573)
− → D−K̄0) - 1.7047 1.7680

B(B0
s → D∗

s2(2573)
−µ+νµ)B(D∗

s2(2573)
− → D∗−K̄0) - 0.1769 0.1136

B(B0
s → D∗

s2(2573)
−µ+νµ)B(D∗

s2(2573)
− → D(∗)−K̄0) - 1.8816 1.8816

•Conclusions

–We have calculated the product of branching fractions for the semileptonic decays of B and
Bs mesons into final states containing orbitally excited charmed and charmed-strange mesons,
respectively.

– The predictions for B semileptonic decays into D∗
0(2400), D1(2420) and D2(2460) are in good

agreement with the last experimental measurements.

– In the case of Bs semileptonic decays, our prediction for the product of branching fractions
B(B0

s → Ds1(2536)
−µ+νµ)B(Ds1(2536)− → D∗−K̄0) agrees with the experimental data.


