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ExclusiveB toD decays

Exclusive B̄ → D ` ν̄ decay

Motivation :

B → D(∗) (µ, e) (ν̄µ, ν̄e)

Allows to determine the CKM matrix element Vcb
Theoretical uncertainty on |Vcb| comes from form factors

=⇒ Improve lattice precision

τ channel : B → D τ ν̄τ

R(D) =
B (B → D τ ν̄τ )

B (B → D ` ν̄`)
:

{
Babar Collaboration ; 0.440± 0.058± 0.042

SM ; 0.31± 0.02

about 2.0 σ tension between measurements and SM predictions.
[Becirevic et al. arXiv :1301.4037]
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ExclusiveB toD decays propositions

New Physics in b→ c ?
Consider additional tensor and scalar operators in the effective Hamiltonian

Heff = H SM
eff + H NP

eff

Revisit the SM prediction

Proposal : Lattice calculations of B̄s → Ds ` ν̄ channels in and beyond SM.

Why Bs → Ds ?
Could be done at LHCb and especially at Super-Belle

No averaging between neutral and charged modes

Soft photon pollution smaller
B(Bs → Dsγsoft ` ν)

B(Bs → Ds`ν)
<

B(B → D0γsoft`ν)

B(B → D0γ ` ν)

No extrapolation in the valence quark mass needed
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Lattice calculation of form factors Form factors inB → D`ν̄`

b→ c `ν̄` effective Hamiltonian
In Standard Model (SM) :

H SM
eff ∝ c̄ γµ (1− γ5) b ¯̀γµ (1− γ5) ν̄`

c̄b̄

s

W
`

ν̄`

B̄s Ds

Hadronic matrix elements〈
Ds(pDs )

∣∣Vµ ∣∣ B̄s(pBs )
〉

= F+(q2) (p
Bs

+ p
Ds

)µ

+ (p
Bs
− p

Ds
)µ
[
F0(q2)− F+(q2)

](m2
Bs
−m2

Ds

q2

)
[0<q2≤(mB−mD)2]〈

Ds(pDs )
∣∣Aµ ∣∣ B̄s(pBs )

〉
= 0
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Lattice calculation of form factors Form factors inB → D`ν̄`

New Physics scenario
H NP

eff ∝ gT c̄ (σµνb)
(
¯̀σµν ¯̀

RνL
)

+ gs (c̄ b)
(
¯̀
R νL

)
gT : Coupling of the new tensor term gs : Coupling of the scalar term

〈
Ds(pDs )

∣∣ c̄ σµν b ∣∣Bs(pBs )
〉

=

− i
(
p
Bs µ

p
Ds ν

− p
Ds µ

p
Bs ν

) 2 FT (q2)

mBs +mDs

=⇒ 3 form factors : F+, F0

In SM

and FT

NP
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Lattice calculation of form factors Hadronic matrix element

Hadronic matrix element

R(t) =
C (3)(t, ti, tf , ~pi, ~pf )

C
(2)
(Bs)

(t− ti, ~pf ) · C (2)
(Ds)

(tf − t, ~pi)
·
√

ZBs ·
√

ZDs

tf−t→∞−−−−−−→
t−ti→∞

〈Ds(~pf )|(Vµ, Tµ)|Bs(~pi)〉

ZM= ||〈0|OM |M〉||2 obtained from the fit with C
(2)

(M)

C (2)(t) =
ZBs,Ds

2mBs,Ds

cosh

(
mBs,Ds

[
T

2
− t
])

e
−mBs,Ds

T
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Lattice calculation of form factors Hadronic matrix element

Hadronic matrix element

R(t) =
C (3)(t, ti, tf , ~pi, ~pf )

C
(2)
(Bs)

(t− ti, ~pf ) · C (2)
(Ds)

(tf − t, ~pi)
·
√

ZBs ·
√

ZDs

tf−t→∞−−−−−−→
t−ti→∞

〈Ds(~pf )|(Vµ, Tµ)|Bs(~pi)〉

ZM= ||〈0|OM |M〉||2 obtained from the fit with C
(2)

(M)

C (2)(t) =
ZBs,Ds

2mBs,Ds

cosh

(
mBs,Ds

[
T

2
− t
])

e
−mBs,Ds

T

2

Full propagating heavy quarks

Vector and tensor operators are renormalized with renormalization constants

computed non-perturbatively in the RI-MOM scheme
C. Alexandrou, et al. [Phys.Rev., D86 :014505, 2012.]
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Simulation and numerical results Simulation setup

Simulation setup
Wilson twisted mass Dirac operator with two degenerate flavors (Nf = 2)

Q(χ) = γµDµ +m+ iµγ5 +
a

2
� , m+ 4 =

1

2κ
"tree-level Symanzik" improved Gauge-action

β 3.8 3.9 3.9 4.05 4.2 4.2

L3 × T 243 × 48 243 × 48 323 × 64 323 × 64 323 × 64 483 × 96

µsea1 0.0080 0.0040 0.0030 0.0030 0.0065 0.0020

µsea2 0.0110 0.0064 0.0040 0.0060

µsea3 0.0085 0.0080

µsea4 0.0100

a [fm] 0.098(3) 0.085(3) 0.085(3) 0.067(2) 0.054(1) 0.054(1)

µc 0.2331(82) 0.2150(75) 0.2150(75) 0.1849(65) 0.1566(55) 0.1566(55)

mπ ∈ [280, 500] MeV
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Simulation and numerical results Kinematics

Kinematics

Bs rest frame pBs = (mBs ,~0)

pµDs = (EDs , p, p, p) with p =
πθ0

L
: twisted boundary conditions

Chosen θ0 ⇒ w ∈ {1, 1.004, 1.02, 1.04, 1.06} (near zero recoil) wmax = 1.546

Ds obey the free-boson lattice dispersion relation :

4 sinh2

[
EDs

2

]
= 4

(
3 sin2

[
θ0 π

2L

])
+ 4 sinh2

[mDs

2

]

Different recoils w = vDs · vBs =

√
1 +

3(θ0π)2

(mDs L)2
: do not depend on mBs

=⇒ Extrapolate to physical Bs → Ds at fixed values of w !
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Results SM form factors

HQET decomposition
1√

mBsmDs

〈
Ds(pDs )

∣∣Vµ ∣∣ B̄s(pBs )
〉

= h+(w) (vBs + vDs)µ + (vBs − vDs)µ h−(w)

v = p/m, w =
m2
Bs

+m2
Ds
− q2

2mBs mDs

The decay rate depends on G(w)Bs→Ds (in the limit of vanishing lepton masses)

G(w) = h+(w) − mDs −mBs

mDs +mBs

h−(w) needed to extract Vcb

I Experimentalists : shape of G(w)|Vcb|
I Lattice QCD provides normalization : the zero recoil point (Isgur-Wise point) G(1)
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Results Gs(1)

Gs(w) at zero recoil (w = 1)

Gs(w) = h+(w)

[
1 −

(
mBs −mDs

mBs +mDs

)
H(w)

]
H(w) =

h−(w)

h+(w)

⇒ Gs(1) = h+(1)

[
1 −

(
mBs −mDs

mBs +mDs

)
H(1)

]

h+(1) can be extracted from F0(q2
max) q2

max=(mBs−mDs )2

H(1) is not directly accessible from the lattice at zero recoil
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[
1 −

(
mBs −mDs

mBs +mDs

)
H(1)

]

h+(1) can be extracted from F0(q2
max) q2

max=(mBs−mDs )2

H(1) is not directly accessible from the lattice at zero recoil

Strategy
Compute F+,0 at few small recoil momenta⇒ H(w)

Extrapolate to w = 1⇒ H(1)
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Results Gs(1) in the continuum

Gs(1) in the continuum

Determine G(1)latts ( µ(i)
h , a2, µsea

l ) for each :
gauge ensemble
light quark mass
⇒ Extrapolate to the continuum

Gs(1) =

[
As +Bs µ

sea
l + Cs

a2

a2
3.9

]
heavy quark mass µih i∈{1,··· ,9}

µc ≤ µih ≤ µb
µi+1
h

µih
= λ = 1.17

⇒ Allow extrapolation to the physical b quark by means of the “ratio method”
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Results Gs(1) in the continuum

Extrapolation procedure

At successive values of µ(i)
h = λµ

(i−1)
h

1 Determine the ratio

σi(a
2, µl) =

Gs(1, µ
(i)
h )

Gs(1, µ
(i−1)
h )

2 Extrapolate σi to the continuum

σi =

[
As +Bs µ

sea
l + Cs

a2

a2
3.9

]

No significant dependence on µsea
l for Bs → Ds FFs especially for their σi
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Results Gs(1) in the continuum

values of σi in the continuum :

0.0 0.2 0.4 0.6 0.8

0.96

0.98

1.00

1.02

1.04

1.06

1.08

1.10

1�Μh@GeV-1D

Σ
G

HΜ
h
L

σ2 1.003(4) σ5 1.013(5)
σ3 1.005(4) σ6 1.014(7)
σ4 1.008(4) σ7 1.022(12)

Errors at µh = µb/λ
2 are large but do

not make any impact on the extrapo-
lation to the infinite quark mass limit
where σ = 1.

value of σ at the physical b quark :

fit with : σ(µh) = 1 +
a

µh
+

b

µ2
h
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Results Gs(1) in the continuum

Determination ofGs(1)

σ ; G
phys.

s
(1) = 1.077(39)

Compatible with B → D form factor

For comparaison G(1)
Quenched LQCD 1.026(17)

G.M.dD et al. (2007)

Unquenched LQCD 1.074(24)
Okamato et al.(2005)
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Results Tensor form factor

FT/F+(w, a2, µl, µh)

FT
F+

does not depend on q2 ⇒ FT
F+

(w) ' constant

β = 3.9, L = 24, aµl = 0.0085, aµc = 0.215, aµb = 0.4114
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F
(q

2
)

q2

FT (q
2)

F+(q
2)

1
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1.2

1.25

1.3
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F
T

F
+
(q

2
)

q2

FT

F+
(q2)

FT has larger error bars than F+ and F0

FT /F+ shows a slight variation with q2
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Results Tensor form factor

near zero recoil

The same strategy of extrapolation is applied to FT
F+

and F0

F+

w = 1.004 ; q2(Bs→Ds)
= 11.5 GeV2

I
FT (w)

F+(w)
= 1.222(63)

F0(w)

F+(w)
= 0.827(17)

w = 1.02 ; q2(Bs→Ds)
= 11.2 GeV2

I
FT (w)

F+(w)
= 1.238(65)

F0(w)

F+(w)
= 0.821(21)
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Conclusions

Conclusions

Dynamical lattice computation of the B̄s → Ds`ν̄ form factors
(unquenched QCD + non perturbative renormalization)

Results are still preliminary :

I Computation of Gs(1) : 1.077(39)

I Study of F0/F+ and FT /F+ near the zero recoil limit :

• First LQCD determination of FT /F+

• Better constrained study of NP effects
I Extrapolation to the bottom quark region using ratios of physical quantities

Prospective

I Higher statitics requirement
I Same strategy can be applied to study B → D`ν̄
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E ndE nd
Thank you for your attention

Gaussian smearing techniques
Smearing of the quark fields

ψnq =

(
1 + κgH

1 + 6κg

)n
ψq

Hij =

3∑
µ=1

(
Unαi,µ δi+µ,j + Unα†i−µ,µδi−µ,j

)

I n = 30 κg = 4

APE smearing for the gauge fields in H

Unαi,µ = ProjSU(3)

[
(1− α)Unα−1

i,µ +
α

6
V nαi,µ

]
I nα = 20 α = 0.5
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