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Introduction

gB∗Bπ is now precisely computed on the lattice.

But light-cone sum rule determination for gD∗Dπ and gB∗Bπ failed to
reproduce the experimental data

↪→ this problem can be solved assuming an explicit negative contribution from
the first excited state on the hadronic side of the sum rule [Becirevic et al.,
JHEP 0301, 009 (2003)]

Lattice simulations can handle with excited states, so what can we say about
gB∗′Bπ ?
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gB∗′Bπ coupling

The coupling is defined by the following on-shell matrix element :〈
B

0
(p)π

+
(q)|B∗

′+
(p
′
, ε

(λ)
)
〉

= −g
B∗′Bπ(q

2
)× qµε(λ)µ

(p
′
)

Performing an LSZ reduction of the pion field and using PCAC relation, we are left with the
following matrix element parametrized by three form factors :

〈
B
∗′+

(p
′
, ε

(λ)
)|Aµ|B0

(p)
〉

= 2m
B∗′A0(q

2
)
ε(λ) · q
q2

q
µ

+ (mB +m
B∗′ )A1(q

2
)

(
ε
(λ)µ −

ε(λ) · q
q2

q
µ

)

+ A2(q
2
)

ε(λ) · q
mB +m

B∗′

[
(pB + p

B∗′ )
µ

+
m2
B −m

2

B∗′

q2
q
µ

]

In the HMχPT at leading order (static limit and chiral limit) and using the normalization of
states 〈B(~p)|B(~p)〉HQET = 1, we just need to calculate A1(q2

max), q2
max = (m∗

′
B −mB)2 and :

g12 =
g
B∗′Bπ

2
√
mBmB∗′

fπ ⇔ g12 = 〈B∗
′
(ε(λ))|A3|B〉HQET ε(λ) = (0, 0, 0, 1)
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Correlation functions to be computed on the lattice

2-points correlation functions (pseudoscalar and vector mesons)

C
(2)
P

(t) =

〈 ∑
~y,~x

P (y)P
†
(x)

〉∣∣∣∣
y0=x0+t

, P (x) = h(x)γ5ψl(x)

C
(2)
V

(t) =
1

3

3∑
i=1

〈 ∑
~y,~x

Vi(y)V
†
i (x)

〉∣∣∣∣
y0=x0+t

, Vi(x) = h(x)γiψl(x)

We work in the static limit. Heavy Quark Symmetry ⇒ C
(2)
P = C

(2)
V

We used N = 4 interpolating fields : O(i) = h γ5 (1 + κGa
2∆)Ri ψl (Gaussian smearing)

−→ κG = 0.1, ri = 2a
√
κGRi ≤ 0.6 fm

Finally, we compute a matrix of correlators : C(2)
ij (t) = 〈O(i)(t)O(j)†(t)〉 , (i, j) ∈ [1..N ]

3-points correlation function

C
(3)
ij (tz − tx, ty − tx) =

〈 ∑
~z,~y,~x

V
(i)
3 (z) A3(y) P

(j)†
(x)

〉∣∣∣∣
tx<ty<tz

, Aµ = ZA × ψl(x)γµγ5ψl(x)

All-to-all propagators were estimated stochastically

Full time dilution

The renormalisation constant ZA was determined non perturbatively by the ALPHA collaboration
[Nucl.Phys. B865 (2012) 397-429]
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Generalized Eigenvalue Problem (GEVP)

We solve the generalized eigenvalue problem (GEVP)

C(2)(t)vn(t, t0) = λn(t, t0)C(2)(t0)vn(t, t0)

λn(t, t0) = e−E
eff
n (t,t0) , Eeff

n (t, t0) −−−−−−−→
t�1,t0�1

En

αn(t, t0)× (vn(t, t0),O)† |0〉 = |Bn〉 + corrections

αn(t) =
λn(t+ 1, t)−t/2(

vn(t, t− 1), C(2)(t)vn(t, t− 1)
)1/2

O(i) are the interpolating fields

(vn(t, t0),O) =
∑
i v

(i)∗
n O(i)(t)

The sign of the eigenvectors is fixed by imposing the positivity of the decay constant :

fBn = 〈Bn|O0|0〉 = An(t, t0)×
(
C

(2)
0i (t)v∗i (t, t0)

)
> 0 (O0 local interpollating field)
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Matrix element

gnm = 〈Bn|A3|B∗m〉
t = 1+ 2t t

t t1 2

R
GEVP
mn (t2, t1) = αm(t2)αn(t1) × 〈vm(t2, t2 − 1)|C(3)

(t1 + t2, t1)|vn(t1, t1 − 1)〉

with αn(t) =
λn(t + 1, t)−t/2(

vn(t, t− 1), C(2)(t)vn(t, t− 1)
)1/2

[JHEP 1201 (2012) 140]

R
GEVP
mn

t1�1,t2�1
−−−−−−−−→ gnm +O

(
e
−∆N+1,mt1 , e

−∆N+1,nt2
)

, ∆N+1,m = EN+1 − Em

↪→ We choose t1 = t2 (best convergence).

We can improve the convergence by summing over the insertion time t1 :

R
sGEVP
mn (t, t0) = −∂t

(
(vm(t, t0), [K(t, t0)/λn(t, t0)−K(t0, t0)] vn(t, t0))

(vn(t, t0), C(t0)vn(t, t0))1/2 (vm(t, t0), C(t0)vm(t, t0))1/2
e
Σ(t0,t0)t0/2

)

with : Kij(t, t0) =
∑
t1

e
−(t−t1)Σ(t,t0)

C
(3)
ij (t, t1) Σ(t, t0) = En(t, t0)− Em(t, t0)

R
sGEVP
mn

t�1−−−−−→
t0=t−1

gnm +O
(
te
−∆N+1,nt

)
n < m

t�1−−−−−→
t0=t−1

gnm +O
(
e
−∆N+1,mt

)
n > m

"summed GEVP"
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Results
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Lattice setup

Lattice discretization

Nf = 2 O(a) improved Wilson-Clover Fermions

HYP2 discretization for the static quark action (1.0, 1.0, 0.5)

Discretization effects

3 lattice spacings a :
(0.048, 0.065, 0.075) < 0.1 fm

Light quark mass chiral extrapolation

different pion masses in the range [310 MeV, 440 MeV]

⇒ total of 4 ensembles

Error analysis

full jackniffe analysis
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Numerical results
Examples of effective mass plots :

CLS ensemble E5
(a = 0.065 fm, mπ = 435 MeV)
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CLS ensemble F6
(a = 0.065 fm, mπ = 310 MeV)
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Examples of plateaux for matrix elements :

CLS ensemble E5
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GEVP stability

We have checked the dependance of g12 on the size of the GEVP (3 or 4 levels of smearing)

Example of plateau for ensemble E5

(323 × 64, a = 0.065 fm, mπ = 435 MeV)

↪→ we will use 3 levels of smearing
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We have checked the dependance on the radius of the wave function
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sGEVP vs GEVP

R
GEVP
mn

t1>>1,t2>>1
−−−−−−−−−−→ gnm +O

(
e
−∆N+1,mt1 , e

−∆N+1,nt2
)

R
sGEVP
mn

t>>1−−−−−→
t0=t−1

gnm +O
(
te
−∆N+1,mt, te

−∆N+1,nt
)

[JHEP 1201 (2012) 140]

GEVP
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excited state.
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Continuum and chiral extrapolations
Inspired by HMχPT and thanks to O(a) improved lattice action, we tried two fit formulae :

one with continuum and chiral extrapolations to the physical point
one with only a continuum extrapolation

g12 = C0 + C1

(
a

aβ=5.3

)2

+ C2

(
mπ

m0
π

)2
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 m
π  = 435 MeV  
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 m
π  =m

π 
0
  

↪→ g12 = −0.173(28)

g12 = C
′
0 + C

′
1

(
a

aβ=5.3

)2
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↪→ g12 = −0.155(26)

g12 = −0.17(3)(2)χ

⇒ Negative value of the coupling (assuming positive decay constants)
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Results 2

Multi-hadron thresholds

B∗
′ → B∗(~p)π(−~p)

B∗
′ → B∗1π

↪→ kinematically forbidden because L < 3 fm

↪→ using our lattice results for m
B∗′ −mB and other lattice results

(with similar lattice parameters) formB∗1−mB this is also forbidden

We can also estimate g11 and g22 and check our results [PoS LATTICE2010 (2010) 303] :
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g22 = 0.38(4)

↪→ the total error include the statistical errors and the systematic errors
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Conclusion

This is the first estimate of g12 ∝ gB∗′Bπ coupling.

Our result is : g12 = −0.17(3)(2)

We obtain a negative value of the coupling
↪→ This could explain the small value of gD∗Dπ in the sum rule approach.

Our results for g11 and g22 are in excellent agreement with previous works.
[PoS LATTICE2010 (2010) 303]

Perspectives

Add a lattice ensemble with a lower pion mass to improve the chiral fit.

Extract A1(q
2 = 0) from the distribution in r of the axial density

fA(r) = 〈B∗
′ |Ai(r)|B〉.

Thank you !
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Multi-Hadron Thresholds

B∗
′
→ Hπ

partiy conservation : P
B∗′ = PH × Pπ × (−1)L

momentum conservation : J
B∗′ = L+ JH

B∗
′ → B∗(~p)π(−~p) (case L = 1)

in our study : L < 3 fm and mπ ≤ 440 MeV

⇒ p = 2π
L
≥ 500 MeV

B∗
′ → B∗1π (case L = 0)

Our study : 230 MeV ≤ m
B∗′ −mB −mπ ≤ 360 MeV

[JHEP 1008 (2010) 009 ] : 400 MeV ≤ mB∗1 −mB ≤ 500 MeV

↪→ pion mass in the range [280-500] MeV and lattice spacings a ∈ [0.05− 0.08] fm
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Convergence of the sGEVP
We treat the GEVP (N ×N) perturbatively
→ the order "0" correspond to the case where only N states contribute, it can be solve exactly.

Cij(t) = C
(0)
ij (t) + εC

(1)
ij (t) =

∑N
n=1 e

−Entψniψnj +
∑∞
n=N+1 e

−Entψniψnj

vn(t, t0) = v(0)
n + εv(1)

n (t, t0)

λn(t, t0) = λ(0)
n + ελ(1)

n (t, t0)

Our results are (first order) : R
sGEVP
mn

t>>a−−−−−→
t0=t−1

gnm +O
(
te
−∆N+1,nt

)
n > m

R
sGEVP
mn

t>>a−−−−−→
t0=t−1

gnm +O
(
e
−∆N+1,mt

)
n < m

We have tested our results with the toy model introduced in [JHEP 1201 (2012) 140 ] :

ψ = 〈0|Oi|n〉 =

0.92 0.03 −0.10 −0.01 −0.02
0.84 0.40 0.03 −0.06 0.00
0.56 0.56 0.47 0.26 0.04
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6
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Mnn

3m

4 8 12 16
t

0.22

0.23

0.24

0.25

0.26

M
0

1

numerical sGEVP

all subleading contributions

dominant subleading contribution

4 8 12 16
t

0.22

0.225

0.23

0.235

0.24

M
1

0
numerical sGEVP

all subleading contributions

dominant subleading contribution

Antoine Gérardin On the B∗
′
→ B transition


	gB*'B 
	Matrix elements
	Results
	Conclusion

