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Outline
Motivation

What’s new?  Lattice QCD with light sea quarks

Leptonic decay constants

Semileptonic form factors

Outlook
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Correlation function for B to pi
in the Quenched or Valence Approximation

B π

b u

d

Vµ

〈Jπ(y)Vµ(0)JB(x)〉 =

∫
[dU ]Jπ(y)Vµ(0)JB(x) detQ[U ] e−Sglue

Probabilistic weight for 
generating “important” 
gluon field configurations



Naive fermion discretization has 15 extra states (“doublers”)

Staggered quarks are cheap to simulate because they turn the 
doubling problem into an asset -- spin diagonalization

Remaining doubler degrees-of-freedom (4) interpreted as “tastes”        
(artificial flavors) 

“Fourth-root trick” used to get right number of sea quarks                
No proof showing this is theoretically sound or unsound

A Smattering of Staggering

G(p)a =
1

i
∑

µ
γµ sin(pµa)



Quenched vs. Light Improved Staggered

C
. D

av
ie

s,
 e

t a
l. 

P
R

L
 9
2,

 0
22

00
1 

(2
00

4)

MILC Collaboration Lattices



Sea quarks and states of Sin
Quenched

Theoretically wrong.  10-20% disagreement with experiment.

Lighter staggered

Theoretically uncertain.  Agreement with experiment within quoted 
uncertainties.  Permits simulation inside chiral regime

Heavier Wilson, twisted-mass, domain wall, overlap, fixed point

Theoretically sound.  More costly, so heavier mass required.  
Extrapolation to physical sea quark masses:  inside chiral regime???
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B Decay Constants
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Bs Decay Constant
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Bs /B Decay Constants
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MILC configurations

NRQCD + KS

Smeared sources/sinks 
improve statistics

A. Gray, et al., Lattice 2004
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form factorsB → π"ν
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Physical quark mass extrapolations

J. Shigemitsu, Lattice 2004

NRQCD heavy + KS light

coarser MILC configs

partially quenched

linear chiral extrapolation

msea

ud = ms/4



Preliminary form factors

Sea quark fixed to 

Fits to Becirevic-Kaidalov 
ansatz

 

Used CLEO branching 
fractions hep-ex/0304019

(expt)(lattice)

ms/4

J. Shigemitsu, et al. (Lattice 2004) hep-lat/0408019

f0(0) = f+(0) = 0.25(2)
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FIG. 2: Chiral extrapolation of fπ divided by the renormal-
ization factor ZA. The fits with the hard cutoff chiral loga-
rithm are shown for µ = 300 (thin dashed curve), 500 (thick
curve) and ∞ (dashed curve) MeV.

Here we examine the first possibility that the effect
of pion loop is suppressed for heavy pions and the chi-
ral logarithm manifests itself only for small enough sea
quark masses. One example of models to describe such a
situation is the hard cutoff regularization of the one-loop
ChPT calculation, as suggested in [18]. This amounts to
the replacement, m2

π lnm2
π/µ2 → m2

π lnm2
π/(m2

π + µ2),
where µ is the scale of the hard cutoff, beyond which
pion loop effects are suppressed. This function has to
be understood as a model when used above the cutoff µ.
We use it to explore the possible range of uncertainties
consistent with the lack of curvature in our data.

Curves in Figure 2 illustrate the chiral extrapolation
using the cutoff-logarithm plus a quadratic term to rep-
resent higher order effects. The model function is consis-
tent with the lattice data, and it deviates from the sim-
ple polynomial function in the small mass region. The
µ = ∞ limit corresponds to the usual chiral logarithm
function plus a quadratic term, for which the curvature
cancels among the logarithmic and quadratic terms in the
data region while giving a large effect below (r0mπ)2 <
2. The other limit µ = 0 MeV is nothing but a simple
polynomial fit. The variation depending on the unknown
parameter µ indicates the size of uncertainties in the chi-
ral extrapolation within the model. It gives the upper
limit 147(3) MeV for µ = 0 MeV and the lower limit
128(2) MeV for µ = ∞. The error is statistical only;
other systematic errors are to be estimated.

A similar analysis can be made for the heavy-light de-
cay constant and the fits are shown in Figure 1 for µ
= 300 and 500 MeV (thin dotted curves) as well as for
∞ MeV (dashed curve). The effect of the chiral loga-
rithm is as large as −11% on fB, if we take µ = ∞ as
an extreme case. While this limit is unrealistic, since it
implies the validity of ChPT at very large mass scales, we

take it as the lower limit for the purpose of conservatively
estimating the systematic error. Other functional forms
are also possible as far as they are consistent with ChPT
in the small mass region [19], but all such models are ex-
pected to give numerically similar results as the model is
constrained by lattice data and ChPT in the heavy and
light pion mass regions, respectively.

The effect of the chiral logarithm is small for fBs , since
the particle circulating the loop is kaon or eta. The ex-
plicit formula in the partially quenched QCD is given in
[20]. The chiral extrapolation is shown in Figure 1 with
the lines for two extreme cases µ = 0 and ∞ MeV. The
difference among them is only 1%.

To quote our results we take the central value from the
polynomial fit and include the variation with the param-
eter µ. We obtain

fBd
= 191(10)(+ 0

−19)(12) MeV, (2)

fBs = 215(9)(+0
−2)(13)(+6

−0) MeV, (3)

fBs

fBd

= 1.13(3)(+12
− 0)(2)(+3

−0), (4)

where the first error is statistical and the second reflects
the uncertainty in the chiral extrapolation. Other sys-
tematic errors are estimated by order counting of trun-
cated higher order terms in the Symanzik and heavy
quark effective theories as in [11]. Important contri-
butions are O(Λ2

QCD/m2
b) ∼ 4%, O(α2

s) ∼ 4%, and
O(αsaΛQCD) ∼ 3%, which are added in quadrature to-
gether with other minor contributions. The last errors
for fBs and fBs/fBd

represent the ambiguity in the de-
termination of the strange quark mass.

For the B parameter, ChPT predicts −(1 − 3g2)/2
for the coefficient of the chiral log term instead of
3(1+3g2)/4 in (1) [20]. Therefore, the effect of the chiral
logarithm is almost negligible in practice. For BBs there
is no chiral logarithm as a function of sea quark mass in
partially quenched ChPT.

Figure 3 shows the chiral extrapolation of BBq(µb) at
µb = mb (= 4.8 GeV) and the fits without the chiral
logarithm. We also plot the quenched results (triangle).
The sea quark effect is small for this quantity.

Our unquenched results obtained with a linear chiral
extrapolation are

BBd
(mb) = 0.836(27)(+ 0

−27)(56), (5)

BBs(mb) = 0.850(22)(+18
− 0)(57)(+5

−0), (6)

BBs

BBd

= 1.017(16)(+53
− 0)(17)(+6

−0). (7)

The errors are the same as in fB, except for those as-
sociated with the chiral extrapolation (the second one).
We take the central value from the linear fit while using
the difference from the quadratic fit as an estimate of
systematic errors.

BSs
(mb) = 0.86(3)(7)

(N. Yamada, Lattice 2004)



Summary & Outlook

(Improved) staggered quarks are cheap, thus permit simulations with 
“light enough” sea quarks

Chiral perturbation theory converges

Unique set of bare coupling, quark masses gives correct physics

Final result for     decay constant

Working hard on chiral extrapolation to get    decay constant

                form factors, one sea quark mass done

               mixing matrix element computation underway

Bs

B

B → π"ν

B
0
− B0



Related Work

Our sibling collaboration, FNAL/MILC, for D decays

Decay constants - J. Simone, et al., at Lattice 2004

Semileptonic form factors - M. Okamoto, et al., Lattice 2004, DPF 2004 
and hep-ph/0408306 (submitted to PRL)

My Lattice 2004 review talk, to appear on the arXiv in Sept.


