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Introdução

I Contribuição para o estudo do méson Bs1(5778) como uma
molécula hadrônica, ou seja, um estado ligado B∗K. Neste
estudo, são usadas as Lagrangianas efetivas, nas quais
estão as constantes dos vértices B∗s BK, BsB∗K, BsBK∗,etc;

I Aplicação do método à outros vértices que envolvam
mésons que contenham quark bottom: B∗s B∗K, BsB∗K.
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O lado da QCD

Neste caso usamos a função de correlação de três pontos.

Π(p, p′) =

∫
d4xd4y 〈0| T{jM1

1 (x)jM2
2
†
(y)jM3†

3(0)} |0〉 eip′·xe−iq·y (1)

Nesta função de correlação os quarks são descritos pelas seguintes
correntes interpolantes.

jM1(x) = q̄1O1q2

jM2(y) = q̄2O2q3

jM3(0) = q̄1O3q3 (2)
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A integração no correlator resulta na dupla descontinuidade:

DD[Π] = −3i
∫

d4k
(2π)4 (−2πi)3[δ((k − p′)2 − m2

q3 )δ(k2 − m2
q1 )δ((k − p)2 − m2

q2 )]

× Tr[((k/− p′/) + mq3 )O1(k/+ mq1 )O3((k/− p/) + mq2 )O2]θ(k0 − p′0)θ(k0)θ(k0 − p0)
(3)

O correlator é recuperado através da relação de dispersão .

ΠQCD(p, p′, q) = − 1
4π2

∫ ∞
smin

∫ ∞
umin

dsdu
DD[Π]

(s− p2)(u− p′2)
(4)

Finalmente, o lado da OPE ou lado da QCD é obtido aplicando a dupla
transformada de Borel.

BM2 BM′2 [Π
QCD(Q2)] = − 1

4π2

∫ ∞
smin

∫ ∞
umin

dsduDD[Π]e−s/M2
e−u/M′2 (5)
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Introdução BsB∗K BsBK∗ Considerações finais

Lado da Fenomenologia
A função de correlação é relacionada aos estados hadrônicos.

< 0|jVµ|V >= mV fVεµ

< 0|jAµ|A >= mAfAεµ

< 0|j5|P >=
m2

P
mq

fP

< 0|jAµ|P >= ifPpµ (6)

Expressão final obtida pelo lado da fenomenologia.

ΠFen
µν (p, p′) =

fM1 fM2 fM3gM1M2M3 < M1M2M3 >i

(p′2 − m2
2)(p2 − m2

1))(q2 + m2
3)

+ “ressonâncias” (7)
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A Regra de Soma
Aplicando o princı́pio da dualidade quark-hádron, o lado da OPE é igualado
ao lado da fenomenologia:

ΠOPE
i (p, p′, q) = Πfen

i (p, p′, q) (8)

fM1 fM2 fM3 gM1M2M3<M1M2M3>i

(p′2−m2
2)(p2−m2

1))(q2+m2
3)

+ “ressonâncias” =
1

4π2

∫ ∞
smin

ds

×
∫ ∞

umin

du
ρOPE

i (s, u,Q2)

(s− p2)(u− p′2)

(9)

Aplicando a Dupla Transformada de Borel em ambos os lados.

fM1 fM2 fM3 gM1M2M3<M1M2M3>i

(Q2+m2
3)

e−m2
1/M2

e−m2
2/M′2 =

1
4π2

∫ s0

smin

ds

×
∫ u0

umin

duρOPE
i (s, u,Q2)e−s/M2

e−u/M′2

(10)
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Introdução BsB∗K BsBK∗ Considerações finais

Vértice BsB∗K
K off-shell.

-� -�
���@

@@R

?

qα

pµ p′ν
b̄

s qy
0 x

K

Bs B∗

Lado da QCD:

BM2 BM′2 [Π
QCD

(Q2
)] = −

1

4π2

∫ ∞
smin

∫ ∞
umin

dsdu
3

2π
√
λ
{pµ[A(p · p′ − 2k · p− mbms + m2

b) + 2π(m2
b − k · p′)]

+p′µ[B(p · p′ − 2k · p− mbms + m2
b) + 2π(k · p− m2

b + mbms)]e
−s/M2

e−u/M′2 (11)

Lado da fenomenologia:

BM2 BM′2 [ΠFen
µ (p, p′, q)] =

fB∗ fK fBs mB∗m2
Bs

m2
K gB∗s BK(q2)

(mb + ms)ms(Q2 + m2
K)

×

−2pµ + p′µ

1 +
(m2

Bs
+ Q2)

m2
B∗

 e
−m2

Bs
/M2

e−m2
B∗/M′2 (12)
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K off-shell
Estrutura p.

0 1 0 2 0 3 0
0 , 0 0

0 , 2 5

0 , 5 0

0 , 7 5

1 , 0 0
 P o l e
 C o n t i n u u m

Co
ntr

ibu
tio

n i
n %

 of
 to

tal

M 2 ( G e V 2 )

partı́cula q s b K Bs B∗

m (GeV) 0 0.13 4.20 0.49 5.4 5.2
f (MeV) - - - 160 204 196

grandeza constante desvio desvio percentual(%)
fK (GeV) 8.24 0.08 0.99

fB∗ (GeV) 7.99 1.34 16.30
fBs (GeV) 7.91 0.99 12.07
M2 (GeV) 8.26 0.15 1.85
mb (GeV) 7.74 1.93 23.39
ms (GeV) 8.03 2.03 24.71
∆s e ∆u 8.20 0.40 4.90
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0 1 0 2 0 3 0
0

4

8

1 2

g Bs
B*

K(Q
2 )

M 2 ( G e V 2 )

 ∆s = ∆u = 0 . 5
 ∆s = ∆u = 0 . 6
 ∆s = ∆u = 0 . 7

0 4 8
0

3

6

9  Q C D S R
 G a u s s i a n  f i t

g(K)
Bs

B*
K(Q2 )

Q 2 ( G e V 2 )

∆s = ∆u = 0.6; M2 = 9GeV2. Ajuste gaussiano.Desvio padrão
é igual a σ = 1.3, e o desvio percentual igual a 15.47%. O valor
da constante é dado por:

g(K)
BsB∗K = 8.0± 1.3
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K off-shell

Estrutura p′.

5 1 0 1 5 2 0
0 , 0 0

0 , 2 5

0 , 5 0

0 , 7 5

1 , 0 0
 P o l e
 C o n t i n u u m

Co
ntr

ibu
tio

n i
n %

 of
 to

tal

M 2 ( G e V 2 )

grandeza constante desvio desvio percentual(%)
fK (GeV) 9.69 0.1 1.01

fB∗ (GeV) 9.39 1.58 16.33
fBs (GeV) 9.30 1.17 12.08
M2 (GeV) 9.71 0.16 1.70
mb (GeV) 9.10 2.30 23.78
ms (GeV) 9.45 2.41 24.90
∆s e ∆u 9.65 0.46 4.80
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5 1 0 1 5 2 0
0

4

8

1 2

1 6
g(K)

Bs
B*

K(Q
2 )

M 2 ( G e V 2 )

 ∆s = ∆u = 0 . 5
 ∆s = ∆u = 0 . 6
 ∆s = ∆u = 0 . 7

0 5 1 0
0

4

8

1 2  Q C D S R
 G a u s s i a n  f i t

g(K)
Bs

B*
K(Q

2 )

Q 2 ( G e V 2 )
∆s =

∆u = 0.6; M2 = 9GeV2. Ajuste gaussiano.Desvio padrão é igual
a σ = 1.5, e o desvio percentual igual a 15.59%. O valor da
constante é dado por:

g(K)
BsB∗K = 9.5± 1.5
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Bs off-shell

-� -�
���@

@@R

?

qα

pµ p′ν
q

b s̄y

0 x

Bs

B∗ K

Lado da QCD:

BM2 BM′2 [ΠQCD
µν ] = −

1

4π2

∫ ∞
smin

∫ ∞
umin

dsdu−
3i

2π
√
λ

{
gνµ[F(u, s, t) + 2mbD− 2msD]

+p′νpµ[2mbC − 2msC + msB− mbA] + p′µp′ν [2mbE − 2msE − 2mbB]

+p′µpν [2mbC − 2msC + msB− mbA]

+pµpν [2mbF − 2msF + 2msA]
}

e−s/M2
e−u/M′2 (13)

Lado da fenomenologia:

BM2 BM′2 [ΠFen] =
fK fBs fBmB∗m2

Bs
gB∗s BK

(ms + mb)(Q2 + m2
Bs

)

[
−2p′µp′ν

+pµp′ν

(
1 +

(m2
K + Q2)

m2
B∗

)]
e−m2

B∗/M2
e−m2

K/M′2 (14)
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Bs off-shell

Estrutura tensorial p′µp′µ.

5 1 0 1 5 2 0
0 , 0 0

0 , 2 5

0 , 5 0

0 , 7 5

1 , 0 0
 P o l e
 C o n t i n u u m

Co
ntr

ibu
tio

n i
n %

 of
 to

tal

M 2 ( G e V 2 )

grandeza constante desvio desvio percentual(%)
fK (GeV) 7.70 0.10 1.35

fB∗ (GeV) 7.45 1.25 16.29
fBs (GeV) 7.38 0.93 12.06
M2 (GeV) 7.74 0.33 4.29
mb (GeV) 7.35 1.21 15.81
ms (GeV) 7.68 0.21 2.71
∆s e ∆u 7.65 0.09 1.23
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5 1 0 1 5 2 0
0

2

4

6

8

1 0
g Bs

B*
K(Q

2 )

M 2 ( G e V 2 )

 ∆s = ∆u = 0 . 5
 ∆s = ∆u = 0 . 6
 ∆s = ∆u = 0 . 7

- 2 0 0

3

6

9
 Q C D S R
 E x p o n e n t i a l  f i t

g(Bs
) Bs

B*
K(Q

2 )

Q 2 ( G e V 2 )

∆s = ∆u = 0.5; M2 = 9GeV2. Ajuste exponencial. Desvio
padrão é igual a σ = 0.78, e o desvio percentual igual a 10.13%.
O valor da constante é dado por:

g(Bs)
BsB∗K = 7.6± 0.8
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B∗ off-shell

-� -�
���@

@@R

?

qα

pµ p′ν
s̄

b qy

0 x

B∗

Bs K

Lado da QCD:

BM2 BM′2 [ΠQCD
µν ] = −

1

4π2

∫ ∞
smin

∫ ∞
umin

dsdu−
3i

2π
√
λ

{
gνµ[F(u, s, t) + 2mbD− 2msD]

+p′νpµ[2mbC − 2msC + A(ms − mb) + msB− ms]

+p′µp′ν [2E(mb − ms) + 2msB] + pµpν [2F(mb − ms) + 2msA]

+p′µpν [2C(mb − ms) + A(ms − mb) + msB− ms]+
}

e−s/M2
e−u/M′2 (15)

Lado da fenomenologia:

BM2 BM′2 [ΠFen
µ (p, p′, q)] =

fB∗ fK fBs mB∗m2
Bs

gB∗s BK(q2)

(mb + ms)(Q2 + m2
B∗ )

×

pµp′ν

 m2
Bs

m2
B∗
− 1

 + p′µp′ν

1−
m2

Bs

m2
B∗

 e
−m2

Bs
/M2

e−m2
K/M′2(15)
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B∗ off-shell

Estrutura tensorial p′µp′µ.

5 1 0 1 5 2 0
0 , 0 0

0 , 2 5

0 , 5 0

0 , 7 5

1 , 0 0
 P o l e
 C o n t i n u u m

Co
ntr

ibu
tio

n i
n %

 of
 to

tal

M 2 ( G e V 2 )

grandeza constante desvio desvio percentual(%)
fK (GeV) 8.79 0.08 0.96

fB∗ (GeV) 8.52 1.43 16.33
fBs (GeV) 8.44 1.06 12.08
M2 (GeV) 8.88 0.49 5.58
mb (GeV) 8.30 2.25 25.67
ms (GeV) 8.79 0.19 2.20
∆s e ∆u 8.78 0.19 2.11
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5 1 0 1 5 2 0
0

2

4

6

8

1 0
g Bs

B*
K(Q

2 )

M 2 ( G e V 2 )

 ∆s = ∆u = 0 . 5
 ∆s = ∆u = 0 . 6
 ∆s = ∆u = 0 . 7

- 2 0 0

3

6

9
 Q C D S R
 E x p o n e n t i a l  f i t

g(Bs
) Bs

B*
K(Q

2 )

Q 2 ( G e V 2 )

∆s = ∆u = 0.5; M2 = 8GeV2. Ajuste exponencial. Desvio
padrão é igual a σ = 1.1, e o desvio percentual igual a 12.88%.
O valor da constante é dado por:

g(Bs)
BsB∗K = 8.6± 1.1
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Vértice BsBK∗
K∗ off-shell.

- - -

�
��	 @

@@I
?

qα

pµ p′ν
b

q s̄y

0 x

K∗

B Bs

Lado da QCD:

BM2 BM′2 [Π
QCD
µ ] = −

1

4π2

∫ ∞
smin

∫ ∞
umin

dsdu
3
√
λ
{pµ[A(p · p′ + mbms − m2

b) + m2
b − k · p′ − mbms]

+p′µ[B(p · p′ + mbms − m2
b)− k · p + m2

b]e−s/M2
e−u/M′2 (16)

Lado da fenomenologia:

BM2 BM′2 [ΠFen
µ (p, p′, q)] = −

fBfK∗ fBs mK∗m2
Bs

m2
BgB∗s BK(Q2)

(msmb + m2
b)(p2 − m2

B)(p′2 − m2
Bs

)(Q2 + m2
K∗ )

×

pµ

1−
(m2

B − m2
Bs

)

m2
K∗

 + p′µ

1−
(m2

Bs
− m2

B)

m2
K∗

 e−m2
B/M2

e
−m2

Bs
/M′2

(17)
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K∗ off shell

Estrutura p:

0 5 1 0 1 5 2 0 2 5

0

2

4

g(K*
) Bs

BK
*(Q

2 )

M 2 ( G e V 2 )

 ∆s = ∆u = 0 . 5
 ∆s = ∆u = 0 . 6
 ∆s = ∆u = 0 . 7

0 5 1 0 1 5 2 0
0 , 0

0 , 3

0 , 6

0 , 9

 P o l e
 C o n t i n u u m

Co
ntr

ibu
tio

n i
n %

 of
 to

tal

M 2 ( Q 2 )

∆s = ∆u = 0.7; M2 = 4.7GeV2. Ajuste exponencial.Desvio padrão é igual a
σ = 0.6, e o desvio percentual igual a 17.24%. O valor da constante é dado
por:

g(K∗)
BsBK∗ = 3.4± 0.6
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K∗ off shell
Estrutura p′:

5 1 0 1 5 2 0

0 , 0

0 , 5

1 , 0
 P o l e
 C o n t i n u u m

Co
ntr

ibu
tio

n i
n %

 of
 to

tal

M 2 ( G e V 2 )

partı́cula q s b K∗ Bs B
m (GeV) 0 0.13 4.20 0.89 5.4 5.2
f (MeV) - - - 220 227 191

∆s = ∆u = 0.5; M2 = 7.5GeV2.
Desvio padrão é igual a σ =
0.97, e o desvio percentual igual
a 24.77%.
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Ajuste exponencial. O valor da constante é dado por:

g(K∗)
BsBK∗ = 3.9± 1.0
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Bs off shell

-� -�
��@
@R

?

qα

pµ p′ν
q̄

b sy

0 x

Bs

B K∗
- r r -�
��@
@R

?

qα

pµ p′ν
〈q̄q〉

b sy

0 x

Bs

B K∗

Lado da QCD:

BM2 BM′2 [Π
QCD
µ ] = −

1

4π2

∫ ∞
smin

∫ ∞
umin

dsdu
3

2π
√
λ
{pµ[A(p · p′ − mbms − 2p · k)− k · p′]

+p′µ[B(p · p′ − mbms − 2p · k) + k · p]e−s/M2
e−u/M′2

(18)

Condensado < qq̄ >:

BM2 BM′2 [Π] =< qq̄ >
[

mbp′µ − mspµ
]

e−mb/M2
e−ms/M′2 (19)

Lado da fenomenologia:

BM2 BM′2 [ΠFen
µ (p, p′, q)] = −i

fK∗ fBfBs mK∗m2
Bs

m2
BgBsBK∗ (Q2)

(m2
b + msmb)(Q2 + m2

Bs
)

×

−2pµ + p′µ

1−
m2

B − m2
Bs

m2
K∗

 e−m2
B/M2

e−m2
K∗/M′2 (20)
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Bs off shell

Estrutura tensorial pµ.
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∆s = ∆u = 0.7; M2 = 14GeV2.Desvio padrão é igual a σ = 0.23, e o desvio
percentual igual a 8, 42%.
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Ajuste monopolar. O valor da constante é dado por:

g(Bs)
BsBK∗ = 2.7± 0.2
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B off shell

- - -
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Bs K∗

- r r -�
��@
@R

?

qα

pµ p′ν
〈̄ss〉

b qy

0 x

B

Bs K∗

Lado da QCD:

BM2 BM′2 [Π
QCD
µ ] = −

1

4π2

∫ ∞
smin

∫ ∞
umin

dsdu
3

2π
√
λ
{pµ[A(2p · k − p · p′ + mbms − m2

s )− k · p′ + m2
s ]

+p′µ[B(2p · k − p · p′ + mbms − m2
s ) + k · p− m2

s + msmb]e−s/M2
e−u/M′2 (21)

Condensado de quark strange

BM2 BM′2 [Π] = −mb < s̄s > e−mb/M2
p′µ (22)

Lado da fenomenologia:

BM2 BM′2 [ΠFen
µ ] = −i

fK∗ fBfBs mK∗m2
Bs

m2
BgBsBK∗ (Q2)

(mbms + m2
b)(Q2 + m2

B)

×

−2pµ + p′µ

m2
B − m2

Bs

m2
K∗

+ 1

 e
−m2

Bs
/M2

e−m2
K∗/M′2 (23)
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B off shell

Estrutura tensorial p′µ.
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∆s = 0.6 e ∆u = 0.7; M2 = 15GeV2.
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Ajuste monopolar. O valor da constante é dado por:

g(B)
BsBK∗ = 2.8± 0.1
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Fatores de forma dos dois vértices.
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BK

*(Q
2 )
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Valores das constantes
de acoplamento:

gBsB∗K = 8, 4± 1, 2

gBsBK∗ = 3, 3± 0, 5
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Considerações finais

I No vértice BsB∗K o resultado concorda com a estimativa
da HHChPT,

gB1B2L = gD1D2L
mB

mD

através da analogia com méson D;
I Incertezas em torno de 20%;
I Motivação para os cálculo dos vértices: DsDK∗, BsB∗γ.
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