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1.- Introduction
1.1.- Overview

Accuracy on the knowledge of |Vcb| and |Vub| demands detailed measurements of
b-hadron decays

A substantial contribution to the semileptonic decay width of b-hadrons is
provided by decays including orbitally excited charmed mesons in their final state

Additionally, the analysis of signals and backgrounds of inclusive and exclusive
measurements of b-hadron decays calls for an improved understanding of these
processes

In this scenario, data reported by Belle and BaBar offer new theoretical
possibilities to test meson models as far as they include both weak and strong
decays
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1.- Introduction
1.2.- Belle and BaBar measurements

Belle [1] (×10−3) BaBar [2] (×10−3)

D∗

2 (2460)

B(B+ → D∗0
2 l+νl )B(D∗0

2 → D+π−) 2.2 ± 0.3 ± 0.4 1.4 ± 0.2 ± 0.2(∗)

B(B+ → D∗0
2 l+νl )B(D∗0

2 → D∗+π−) 1.8 ± 0.6 ± 0.3 0.9 ± 0.2 ± 0.2(∗)

B(B0 → D∗−

2 l+νl )B(D∗−

2 → D0π−) 2.0 ± 0.7 ± 0.5 1.1 ± 0.2 ± 0.1(∗)

B(B0 → D∗−

2 l+νl )B(D∗−

2 → D∗0π−) < 3 0.7 ± 0.2 ± 0.1(∗)

BD/D(∗) 0.55 ± 0.9 0.62 ± 0.03

D1(2420)

B(B+ → D0
1 l+νl )B(D0

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

B(B0 → D−

1 l+νl )B(D−

1 → D∗0π−) 5.4 ± 1.9 ± 0.9 2.78 ± 0.24 ± 0.25

1 D. Liventsev et al. (Belle Collaboration), Phys. Rev. D 77, 091503 (2008)

2 B. Aubert et al. (BaBar Collaboration), Phys. Rev. Lett. 103, 051803 (2009)

J. Segovia et al. segonza@usal.es Weak B Decays into Orbitally Excited Charmed Mesons



Introduction
Theoretical framework

Results
Summary and conclusions

Constituent quark model
Weak decays
Strong decays

2.- Theoretical framework
2.1.- Constituent quark model. Main features

Spontaneous chiral symmetry breaking (Goldstone-Boson exchange):

L = ψ̄ (iγµ∂µ − MUγ5 )ψ → Uγ5 = 1 + i
fπ
γ5λaπa − 1

2f 2
π
πaπa + ...

M(q2) = mqF
`

q2
´

= mq

h

Λ2

Λ2+q2

i1/2

QCD perturbative effects (One-Gluon Exchange):

L = i
√

4παs ψ̄γµGµλcψ

Confinement (screened potential):

V C
CON(~rij ) =

ˆ

−ac (1 − e−µc rij ) + ∆
˜

(~λc
i · ~λc

j )
(

V C
CON(~rij ) =

`

−acµc rij + ∆
´

(~λc
i · ~λc

j ) rij → 0

V C
CON(~rij ) = (−ac + ∆)(~λc

i · ~λc
j ) rij → ∞
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2.- Theoretical framework
2.1.- Constituent quark model. Some applications

N-N interaction

D.R. Entem, F. Fernández and A. Valcarce, Phys. Rev. C 62, 034002 (2000)
B. Julia-Diaz, J. Haidenbauer, A. Valcarce and F. Fernández, Phys. Rev. C 65, 034001
(2002)

Baryon spectrum

H. Garcilazo, A. Valcarce and F. Fernández, Phys. Rev. C 63, 035207 (2001)
H. Garcilazo, A. Valcarce and F. Fernández, Phys. Rev. C 64, 058201 (2001)

Meson spectrum

J. Vijande, A. Valcarce and F. Fernández, J. Phys. G 31, 481 (2005)
J. Segovia, D.R. Entem and F. Fernández, Phys. Rev. D 78 114033 (2008)
J. Segovia, D.R. Entem and F. Fernández, accepted by Phys. Rev. D

Molecular states

P. G. Ortega, J. Segovia, D. R. Entem and F. Fernández, Phys. Rev. D 81, 054023
(2010)
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2.- Theoretical framework
2.1.- Constituent quark model. Some applications (Continuation)

Deuteron

CQM NijmII Bonn B Exp.

ǫd (MeV) −2.2242 −2.2246 −2.2246 −2.224575
PD (%) 4.85 5.64 4.99 -

Qd (fm2) 0.276 0.271 0.278 0.2859± 0.0003

AS (fm−1/2) 0.891 0.8845 0.8860 0.8846± 0.0009
AD/AS 0.0257 0.0252 0.0264 0.0256± 0.0004
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2.- Theoretical framework
2.1.- Constituent quark model. Mass predictions involved in the reactions

Quark masses mn (MeV) 313
mc (MeV) 1763
mb (MeV) 5110

Confinement ac (MeV) 507.4
µc (fm−1) 0.576
∆ (MeV) 184.432

as 0.81
One-gluon exchange α0 2.118

Λ0 (fm−1) 0.113
µ0 (MeV) 36.976
r̂0 (fm) 0.181
r̂g (fm) 0.259

GBE taken from Ref. [1]

Meson JPC CQM (MeV) EXP (MeV)

B 0− 5275 5279.3 ± 0.64

D 0− 1896 1867.20 ± 0.44
D∗ 1− 2017 2008.60 ± 0.21

D1(2420) 1+ 2466 2422.85 ± 3.36
D∗

2 (2460) 2+ 2513 2460.5 ± 5.59

π 0−+ 138 137.27339 ± 0.00069

[1] J. Vijande, F. Fernández and A. Valcarce J. Phys. G 31 481 (2005)
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2.- Theoretical framework
2.2.- Weak decays. Total decay width

Study of the weak process based on

E. Hernández, J. Nieves and J.M. Verde-Velasco, Phys. Rev. D 74, 074008
(2006)

M.A. Ivanov, J.G. Körner and P. Santorelli, Phys. Rev. D 73, 054024 (2006)

u

b̄ c̄

ν

e+

W+
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2.- Theoretical framework
2.2.- Weak decays. Case 0− → 2+

〈D(2+), λ~PD

˛

˛

˛J
cb
µ (0)

˛

˛

˛ B(0−)~PB 〉 = ǫµναβǫ
νδ∗
(λ) (~PD )PδPαqβT4(q

2)

− i
n

ǫ∗(λ)µδ(~PD)PδT1(q
2) + PνPδǫ∗(λ)νδ(~PD)

h

PµT2(q
2) + qµT3(q

2)
io

T1(q
2) = − i

2mD

mB |~q |
A1

Tλ=+1(|~q |),

T2(q
2) =i

1

2m3
B

(

−
r

3

2

m2
D

|~q |2
A0

Tλ=0(|~q |) −
r

3

2

m2
D

|~q |3
(ED(−~q ) − mB )A3

Tλ=0(|~q |)

+
2mD

|~q |

„

1 − ED (−~q )(ED(−~q ) − mB )

|~q |2

«

A1
Tλ=+1(|~q |)

)

T3(q
2) =i

1

2m3
B

(

−
r

3

2

m2
D

|~q |2
A0

Tλ=0(|~q |) −
r

3

2

m2
D

|~q |3
(ED(−~q ) + mB)A3

Tλ=0(|~q |)

+
2mD

|~q |

„

1 − ED (−~q )(ED(−~q ) + mB )

|~q |2
«

A1
Tλ=+1(|~q |)

)

T4(q
2) =i

mD

m2
B |~q |2

V 1
Tλ=+1(|~q |)
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2.- Theoretical framework
2.2.- Weak decays. Case 0− → 1+

〈D(1+), λ~PD |Jcb
µ (0)|B(0−), ~PB 〉 =

−1

mB + mD

ǫµναβǫ
ν∗

(λ)(
~PD )PαqβA(q2)

− i

(

(mB − mD)ǫ∗(λ)µ(~PD )V0(q
2) −

P · ǫ∗(λ)(
~PD)

mB + mD

h

PµV+(q2) + qµV−(q2)
i

)

A(q2) = − i
√

2

mB + mD

mB |~q |
A1

λ=−1(|~q |)

V+(q2) = + i
mB + mD

2mB

mD

|~q |mB

(

V 0
λ=0(|~q |) − mB − ED(−~q )

|~q |
V 3

λ=0(|~q |)

+
√

2
mBED(−~q ) − m2

D

|~q |mD

V
1
λ=−1(|~q |)

)

V−(q2) = − i
mB + mD

2mB

mD

|~q |mB

(

− V 0
λ=0(|~q |) − mB + ED(−~q )

|~q |
V 3

λ=0(|~q |)

+
√

2
mBED(−~q ) + m2

D

|~q |mD

V 1
λ=−1(|~q |)

)

V0(q
2) = + i

√
2

1

mB − mD

V 1
λ=−1(|~q |)
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2.- Theoretical framework
2.3.- Strong decays. 3P0 and microscopic models

• 3P0 decay model

α

β
A

δ

ǫ
B

λ

ρ
C

α

β
A

δ

ǫ
B

λ

ρ
C

HI = g

Z

d3x ψ̄(~x)ψ(~x)

• Microscopic decay model

α

β
A

δ

ǫ
B

λ

ρ
C

α

β
A

δ

ǫ
B

λ

ρ
C

α

β
A

δ

ǫ
B

λ

ρ
C

α

β
A

δ

ǫ
B

λ

ρ
C

HI =
1

2

Z

d
3
x d

3
y J

a
(~x) K(|~x − ~y |) J

a
(~y)
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2.- Theoretical framework
2.3.- Strong decays. 3P0 and microscopic models (Continuation)

3P0 decay model
L. Micu, Nucl. Phys. B 10, 521 (1969)
A. Le Yaouanc, L. Olivier, O. Pène, and J.C. Raynal, Phys. Rev. D 8, 2223 (1973)
R. Bonnaz, and B. Silvestre-Brac, Few-Body Syst. 27, 163 (1999)

Microscopic decay model
E. Eichten et al. Phys. Rev. D 17 3090 (1978); 21 203 (1980)
→ update: Phys. Rev. D 73 014014 (2006)
E.S. Ackleh et al. Phys. Rev. D 54, 6811 (1996)
Yu.A. Simonov arXiv:1103.4028v1 [hep-ph] 21 Mar 2011
Bao-Fei Li et al. arXiv:1105.1620v1 [hep-ph] 9 May 2011

ΓA→BC = 2π
EBEC

MAk0

X

JBC ,l

|MA→BC (k0; JBC , l)|2

MA→BC = MA→BC + (−1)IB +IC−IA+JB+JC−JBC +lMA→CB

MA→BC = Icolor Iflavor (Isignature Ispin−space )
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2.- Theoretical framework
2.3.- Strong decays. Factors for the 3P0 model

Color term ⇒
Icolor =

1√
3

Flavor term ⇒

Iflavor = (−1)tα+tβ +IAδfα fδ
δfβ fρδfµ fλ

δfν fǫ

q

(2IB + 1)(2IC + 1)(2tµ + 1)



tβ IC tµ
IB tα IA

ff

Spin-space term ⇒

Ispin−space =
1

√
1 + δBC

Z

d3KBd3KCd3pαd3pβd3pµd3pνδ
(3)(~K − ~K0)

δ
(3)

(~KB − ~PB )δ
(3)

(~KC − ~PC )δ
(3)

(~pµ +~pν)δ
(3)

( ~PA)
δ(k − k0)

k

〈{ [[φB (~pB )(sαsν)SB ] JB [φC (~pC )(sµsβ)SC ] JC ] JBC Yl (k̂)} JA|

{[φA(~pA)(sαsβ)SA] JA [γµ,(1)

„

~pµ − ~pν

2

«

(sµsν )1] 0} JA〉
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2.- Theoretical framework
2.3.- Strong decays. Factors for the microscopic model

Color term ⇒
Icolor =

22

3
3
2

Flavor term ⇒

Iflavor = (−1)tα+tβ+IAδfα fδ δfβ fρδfµfλδfν fǫ

q

(2IB + 1)(2IC + 1)(2tµ + 1)



tβ IC tµ
IB tα IA

ff

Spin-space term ⇒

Ispin−space =
−2√

1 + δBC

Z

d3KBd3KC

X

m,MBC

〈JBC MBC lm|JAMA〉 δ(3)(~K − ~K0)δ(k − k0)

Ylm(k̂)

k

X

MB ,MC

〈JBMBJCMC |JBCMBC 〉
Z

d3pδd3pǫd
3pλd3pρ δ

(3)(~KB − ~PB)

δ(3)(~KC − ~PC )φB (~pB )φC (~pC )δρβδ
(3)(~pρ − ~pβ)δ(3)(~pλ + ~pǫ + ~pδ − ~pα)

K(|~pλ + ~pǫ|) lim
v/c→0

[ūλ(~pλ)Γvǫ(~pǫ)] lim
v/c→0

[ūδ(~pδ)Γuα(~pα)]

Z

d3pαd3pβ δ
(3)(~PA)φA(~pA)
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3.- Results
3.1.- Semileptonic B → D∗

2 lνl decay

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

 1.6

 1.8

 0  1  2  3  4  5  6  7  8

q2 (GeV2)

(a)

-T1
 100 x T2 (GeV-2)
-100 x T3 (GeV-2)
 100 x T4 (GeV-2)

 0

 0.5

 1

 1.5

 2

 2.5

 3

 0  1  2  3  4  5  6  7  8

dΓ
/d

q2  (
10

-1
6  G

eV
-1

)

q2 (GeV2)

(b)

Semileptonic decay widths

Γ(B+ → D∗0
2 l+νl ) = 1.3426 × 10−15

GeV

Γ(B0 → D∗−

2 l+νl ) = 1.3454 × 10−15
GeV

Some results about strong decays

B Exp. 3P0 Microscopic

Γ(D∗+
2 →D0π+)

Γ(D∗+
2 →D∗0π+)

1.9 ± 1.1 ± 0.3 1.80 1.96

D∗0
2 →Γ(D+π−)

Γ(D∗0
2 →D∗+π−)

2.4 ± 0.5 1.87 1.97

Γ(D∗0
2 →D+π−)

Γ(D∗0
2 →D(∗)+π−)

0.62 ± 0.03 ± 0.02 0.64 0.66
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3.- Results
3.2.- Semileptonic B → D1lνl decay
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• Semileptonic decay widths

Γ(B+ → D0
1 l+νl ) = 1.0226 × 10−15

GeV

Γ(B0 → D−

1 l+νl ) = 1.0217 × 10−15
GeV

Only one open-charm decay ⇒ B(D0
1 → D∗+π−) = B(D−

1 → D∗0π−) = 1

J. Segovia et al. segonza@usal.es Weak B Decays into Orbitally Excited Charmed Mesons



Introduction
Theoretical framework

Results
Summary and conclusions

Semileptonic B → D∗

2 lνl decay
Semileptonic B → D1 lνl decay
Comparison with experiment

3.- Results
3.3.- Comparison with experiment

Belle BaBar 3P0 Mic.
(×10−3) (×10−3) (×10−3) (×10−3)

D∗

2 (2460)

B(B+ → D∗0
2 l+νl )B(D∗0

2 → D+π−) 2.2 ± 0.5 1.4 ± 0.3 2.2 2.2

B(B+ → D∗0
2 l+νl )B(D∗0

2 → D∗+π−) 1.8 ± 0.7 0.9 ± 0.3 1.2 1.1

B(B+ → D∗0
2 l+νl )B(D∗0

2 → D(∗)+π−) 4.0 ± 0.9 2.3 ± 0.4 3.4 3.3

B(B0 → D∗−

2 l+νl )B(D∗−

2 → D0π−) 2.0 ± 0.9 1.1 ± 0.2 2.0 2.1

B(B0 → D∗−

2 l+νl )B(D∗−

2 → D∗0π−) < 3 0.7 ± 0.2 1.1 1.0

B(B0 → D∗−

2 l+νl )B(D∗−

2 → D(∗)0π−) < 5 1.8 ± 0.3 3.1 3.1

B
D/D(∗) 0.55 ± 0.9 0.62 ± 0.03 0.64 0.66

D1(2420)

B(B+ → D0
1 l+νl )B(D0

1 → D∗+π−) 4.2 ± 1.0 2.97 ± 0.24 2.5 2.5

B(B0 → D−

1 l+νl )B(D−

1 → D∗0π−) 5.4 ± 2.1 2.78 ± 0.35 2.4 2.4

J. Segovia et al. segonza@usal.es Weak B Decays into Orbitally Excited Charmed Mesons



Introduction
Theoretical framework

Results
Summary and conclusions

4.- Summary and conclusions

We have studied semileptonic B decays into orbitally excited charmed mesons

These data offer new theoretical possibilities to test meson models as far as they
include weak and strong processes

Weak decays: Studied within spectator aproximation and in the helicity formalism.

Strong decays: We study these processes within the context of the 3P0 and
microscopic models

Predictions for B → D∗

2 lνl : good agreement with Belle results and slightly higher
than those reported by BaBar

However, predictions for B → D1lνl : better agreement with BaBar data

J. Segovia et al. segonza@usal.es Weak B Decays into Orbitally Excited Charmed Mesons


	Introduction
	Theoretical framework
	Constituent quark model
	Weak decays
	Strong decays

	Results
	Semileptonic B D2ll decay
	Semileptonic B D1ll decay
	Comparison with experiment

	Summary and conclusions

