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Statement of the problem

ρD∗ and ωD∗ by R. Molina, H. Nagahiro, A. Hosaka and E. Oset in
2009

They reproduced states D∗2 (2460) of J = 2 and D∗(2640) ∼ 1
2 (1+)

and predicted 1
2 (0+) state of 2592 MeV

Lately the D(2600) appeared
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Statement of the problem

Quantum system of two particles.

|B∗, ρ〉 = |B∗〉 ⊗ |ρ〉

=

∣∣∣∣i =
1

2
, j = 1

〉
⊗ |i = 1, j = 1〉

=

∣∣∣∣I =

{
1

2
,

3

2

}
, J = {0, 1, 2}

〉
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Statement of the problem

Spectrum of b mesons
52
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00
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00

Quantum numbers I(JP)

M
as

s 
(M

eV
)

1 2(0−) 1 2(0−) 1 2(1+) 1 2(1+) 1 2(1+) ?(??) 1 2(2+)

B+(5279.2) B0(5779.5)
B*+(5325.2) B*0(5325.2)

B1(5721) B*J(5732) B*2
0(5747)
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Theoretical approach

We employ an effective Lagrangian based on the local hidden gauge
approach

LVV =
1

4
Tr {(∂µVν − ∂νVµ − ig [Vµ,Vν ]) (∂µV ν − ∂νV µ − ig [V µ,V ν ])}

Vµ is a field matrix

Vµ =


(
ρ0
√

2
+ ω√

2

)
ρ+ B∗+

ρ−
(
− ρ0
√

2
+ ω√

2

)
B∗0

B∗− B̄∗0 γ


µ
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Theoretical approach

LVV = Lc + Lex

At tree level

Lc ∼ g2Tr (VµVνV
µV ν − VµVνV

νV µ)←→

Lex ∼ gTr ((∂µVν − ∂νVµ)V µV ν)←→
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Theoretical approach

+ + ≡

S-wave amplitudes for the 1 ≡ ρB∗ and 2 ≡ ωB∗ channels interaction

t I ,Jα,β, α, β = 1, 2
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Theoretical approach

We will look at energies from mB + mπ ≈ 5,5 GeV up to mB∗ + mρ ≈ 6,4
GeV
We will neglect the three-momenta of external vector mesons

~k2
ρ

M2
ρ

,
~k2
B∗

M2
B∗
→ 0
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Theoretical approach

~k2

~k1

~k4

~k3

ρ, ω

B∗

ρ, ω

B∗

P0 =
1

3
εµ(~k1)εµ(~k2)εν(~k3)εν(~k4) ≡ 1

3
εµε

µενε
ν

P1 ≡ 1

2
(εµενε

µεν − εµενενεµ)

P2 ≡ 1

2
(εµενε

µεν + εµενε
νεµ)− 1

3
εµε

µενε
ν
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Theoretical approach

Solve the interaction by the unitarization of the amplitudes:
on shell factorized Bethe-Salpeter equation

T̂ I ,J =
V̂ I ,J

1− V̂ I ,J Ĝ
, J = 0, 1, 2 I =

1

2
,

3

2
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2
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(
V̂ I ,J

)
α,β
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Theoretical approach

on shell factorized Bethe-Salpeter equation

T̂ I ,J =
V̂ I ,J

1− V̂ I ,J Ĝ
, J = 0, 1, 2 I =

1

2
,

3

2

(
V̂ I ,J

)
α,β
∼ t I ,Jα,β

(Ĝ )α,α =

∫
d4q

1

(P + q)2 −M2
α,1 + iε

1

q2 −M2
α,2 + iε

←→

P + q

q
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Theoretical approach

+ + + . . .

(
1− V̂ Ĝ

)−1
V̂ = V̂ + V̂ Ĝ V̂ + V̂ Ĝ V̂ Ĝ V̂ + . . .
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Results

Cut-off regularization: qmax = 1,3 GeV

g =
Mρ

2fπ

Convolution due to the ρ mass distribution:

[
Ĝ (c)

]
1,1

=

∫ (mρ+2Γρ)2

(mρ−2Γρ)2

dm2f (m2)G (s,m2,M2
B∗)

f (m2) =
1

N

(−1

π

)
Im

1

m2 −m2
ρ + iΓ(m2)m

N =

∫ (mρ+2Γρ)2

(mρ−2Γρ)2

(−1

π

)
Im

1

m2 −m2
ρ + iΓ(m2)m

Γ(m) = Γρ

(
m2 − 4m2

π

m2
ρ − 4m2

π

)3/2

Θ(m − 2mπ)
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Results

Cut-off regularization: qmax = 1,3 GeV

g =
Mρ

2fπ

Convolution due to the ρ mass distribution:[
Ĝ (c)

]
1,1

=

∫
dm2

ρf (m2
ρ)G (s,m2

ρ,M
2
B∗)

We find 3 states

M

(
1

2
(0+)

)
= 5812 MeV

M

(
1

2
(1+)

)
= 5817 MeV

M

(
1

2
(2+)

)
= 5745 MeV
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Results

s [MeV]

|T
|2

4.
24

×
10

19

J=2

5696 5716 5736 5756 5776 5796

0
0.

2
0.

4
0.

6
0.

8
1

s  [MeV]

|T
|2

4.
6

×
10

13

J=0

J=1

5762 5782 5802 5822 5842 5862

0
0.

2
0.

4
0.

6
0.

8
1
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Results

Couplings to the channels[
T̂ (z)

]
i ,j
≈ gigj

z − zR
, zR = MR − i

ΓR

2

State I (JP) 1
2 (0+) 1

2 (1+) 1
2 (2+)

|g | to ρB∗ in GeV 39,58 39,32 43,58

|g | to ωB∗ in GeV 0,97 2,05 2,40
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Results

52
00

54
00

56
00

58
00

Quantum numbers I(JP)

M
as

s 
(M

eV
)

1 2(0−) 1 2(0−) 1 2(1+) 1 2(1+) 1 2(1+) ?(??) 1 2(2+) 1 2(0+) 1 2(1+)

B+(5279.2) B0(5779.5)
B*+(5325.2) B*0(5325.2)

B1(5721) B*J(5732) B*2
0(5747)

S0(5812) S1(5817)
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Results

ρB interaction

LPPV = −igTr {[φ, ∂µφ]V µ}

~ki −→ ~0

ρ

ρ, ε(~k2)

B∗, ε(~k1)

ρ, ε(~k4)

B∗, ε(~k3)

←→ ρ

ρ, ε(~k2)

B

ρ, ε(~k4)

B

ti ,jεα(~k1)εα(~k3)εβ(~k2)εβ(~k4)←→ ti ,j(−εβ(~k2)εβ(~k4))
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Results

Consider the exchange term of the Lagrangian

Lex = igTr ((∂µVν − ∂νVµ)V µV ν) = igTr {(V µ∂νVµ − ∂νVµV µ)V ν}

Lex = igTr {(V µ∂νVµ − ∂νVµV µ)V ν} external meson

~k → 0 for external mesons!⇒ ν = 1, 2, 3 is spatial

∂νVµ ∝ kν → 0

So V ν correspond to an interchanged ρ
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Results

LPPV = −igTr {[φ, ∂µφ]V µ}

Lex = igTr {(V µ∂νVµ − ∂νVµV µ)V ν} exchanged ρ
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Results
Another state 1

2 (1+) 5728 MeV ≈ M[B1(5721)0] = 5723,5± 5 MeV

s [MeV]

|T
|2

1.
6

×
10
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0
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2
0.

4
0.

6
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8
1
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Results

Width predicted Γ� 1

We consider ρ→ ππ and B∗ → πB

ρρ

B∗ B∗

π

π π

B

Only allowed for J = 0, 2

Parametrize off-shell pions F (q2) = e−~q
2/Λ2

, Λ ≈ 1 GeV

gB∗Bπ = g MB∗
MK∗
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Results

s [MeV]

|T
|2

J=2

J=0

5700 5725 5750 5775 5800 5825 5850

0
0.

2
0.

4
0.

6
0.

8
1

We find with Λ ≈ 0,7 GeV ΓJ=2 = 30 MeV and ΓJ=0 = 36 MeV. From the
PDG ΓB2(5745) = 25+5

−7
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Results

State I (JP) 1
2 (0+)ρB∗ 1

2 (1+)ρB∗ 1
2 (2+)ρB∗ 1

2 (1+)ρB
Mass in MeV 5812 5817 5745 5727

1

2
(2+)ρB∗ ↔ B∗02 (5747)

1

2
(1+)ρB ↔ B1(5721)
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Thank you for your attention
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