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1. Introduction

The CKM elemend/y, is important for the phenomenology of flavor physics in deiaing
the apex of the unitarity triangle in the complex plane. B@meple, the Standard Model prediction
of &« depends sensitively ovy, (where it appears to the fourth power), and the presentdatti
errors on this quantity contribute errorsgp of the same size as those dueBig the kaon mixing
parameter which has been the focus of much recent work [1, £,i8 possible to determinf/|
from both inclusive and exclusive semileptofiaecays, and they are both limited by theoretical
uncertainties. The inclusive method makes use of the heaagkgexpansion [4, 5], but is limited
by the breakdown of local quark-hadron duality, the errdr&lich are difficult to estimate. The
exclusive method requires reducing the uncertainty of thenffactor.#g_,p+, which has been
calculated using lattice QCD in the quenched approximafidn Given the phenomenological
importance of this quantity we have revisited this caldalabf.#g_,p- using the 2+1 flavor MILC
lattices with improved light staggered quarks [9]. The quéng error is thus eliminated, and the
systematic error associated with the chiral extrapolasaeduced significantly. The results given
in these proceedings are preliminary, and no final numbdtdb&iquoted. The point of this work
is to describe the calculation, and to explain what remairsetdone.

2. Obtaining |Vgp|

The differential rate for the semileptonic deddy- D*IV; is

ar G2

T = 25 (M — Mo )2 VWP — 19 (W) ey | T (W) @1
wherew =V - v is the velocity transfer from the initial state to the finatst« (w) is a kinematic
factor and.#g_.p- is a matrix element which must be calculated nonperturblgtivThis matrix
element is a combination of several form factors, but at zecoil it simplifies t0.#g_,p(1) =
ha, (1), which is sufficient to determin®/q,| from experiment. Heavy quark symmetry plays an

important role in constraininba, (1), leading to the heavy quark expansion [10, 11]

b 2An
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up to order ¥ mé and wherena is a factor which matches QCD and heavy quark effective theor
(HQET). Thel's are long-distance matrix elements of the heavy quarlctfetheory. The above
results were generalized to lattice gauge theory in [12].

Hashimoto et al [6] realized that thegs could be computed precisely by making use of the
double ratios of various matrix elements at zero recoil. &@mple, the double rati#; is
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Figure 1: Diagram illustrating how the matching factoes n and p/n match lattice gauge theory and
HQET to QCD, and to each other.

and yields the form factor,

hy(1) = nv ll—ev (% - iﬂ ,

and this gives the HQET parametgr. Statistical fluctuations in the numerator and denominator
are highly correlated and therefore largely cancel in thie.r&lso, the normalization uncertainty
in the lattice currents largely cancels in the ratio. Thillgjrecertainties scale ag — 1 rather than
as.

The other twa’s can be determined from the following double ratios:

D|cysb(B) (B|bysc|D
_ (D[Cysb| ><_‘_V4 ‘_> _ |h+(1)|2, (2.4)
(D[cyac|D) (B|bysb|B)
D*[cy; ysb|B) (B” |by; y5c|D -
Bop, — ( *’_VJVS ‘ ><_J_VJV5 ‘_> _ ‘hA1(1)|27 (2.5)
(D*[cy; ysc|D) (B by; ysb|B)
which give
[ 1 1\?
hiy(1) =nv |1-4p (ﬁ_ﬁ> ] ) (2.6)
. .l 1 1)\?
ha (1) = Na [1—4a <ﬁ_ﬁ> ] :
2.7)

Note that the lattice double ratios must be matched to thérearm using

PRt =/ Reont = (1) (2.8)

where thep factors can be calculated perturbatively. GivengHactors we can form the ratio/n
in order to match the lattice to the continuum HQET. The rdl#he various matching coefficients
is illustrated in Figure 1.
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Figure2: The three double ratios needed to deternifiie.,p+, as well as the correlated fits to their plateaus.

3. Lattice calculation

The lattice calculation was done on the MILC coarse lattiges 0.125 fm) where the light
qguarks were computed with the “asqtad" action. The heavykguaere computed using the clover
action with the Fermilab interpretation in terms of HQET. [We have looked at three light masses
at the full QCD pointsmygience = Msea- The lightest such mass was aroung/7. The perturbative
matching coefficients (the factors) have been calculated by Nobes [8], but have not geh b
incorporated into the analysis. In the following we will éathe varioug’s andn’s to be equal to
one. The measured double ratios are shown in Figure 2, aladhghe fits to the identified plateau
region.

In order to extract thé's from the double ratios it is convenient to fit to the followgiquantity:

pVR _h P2(c? + 1@y), (3.1)
non
where

1 1 Zl+1

A= e = — . (3.2)
ampe  ampy ampe  ampy

and the coefficients'® andc® are HQET parameters at ordefn, and 1/mg, respectively. This
fit allows the determination of three of the four coefficiettiat enter.%g_.p+ at order J/mé in
addition to the three coefficients of orde,fn%. Fits using this formula are shown in Figure 3. It
should be emphasized that these are highly correlated daitspand the fits are correlated fits
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Figure 3: Heavy quark extrapolation for the three double ratios

with x?/dof ~ 1, even though they look poor by the standard of uncorrelfitedo uncorrelated
data.

The chiral perturbation theory (ChPT) for heavy light meswaiith a Wilson-like heavy quark
and a staggered light quark was worked out by Aubin and Berimaj13], and the ChPT relevant
for B — D* was done in [14]. The expression needed for the chiral fitis

2 (1o 1_
ML) = 14+ X+ 7o 16 e+ Fe) — 5Fn+ 6P
m2 —m?
+a2 / Sy ™ E
<<m%v—m2m><m2m—mﬁ¢> "“
+ m?]v_m%v En
(8, — e, ), —B,) ™
mg, —my
+ v F.,, |+(V—=A R
(wp, e me, g,y ) YA

(3.3)

whereF | = F (m;, —A© /my;), and
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Figure 4: Chiral extrapolation, where the dotted line is the fit to gexg@d ChPT and the solid line is the
continuum extrapolation. The “x" is the extrapolated phgklight mass point.

F(mj,x) = g {X‘Q’Ing— §x3—4x+2n
VX —1(x*+2) (In [l—Zx(x— \/xz—l)} —irr)}
TR
— (A9)2In (A—;> NASONE (3.4)

with g;; the D*-D-1 coupling,A®© = mp- — mp = 142 MeV andXa is a term that is independent
of the light quark masses. Other than the staggered talsigngs and hairpin coefficients that
have been obtained separately from fits to MILC data in thegisscalar sector [9], this formula
has only one unknown. Performing the fit to the above formitaggthe dotted line in Figure 4.
The solid line is the continuum extrapolated result obiibg takinga? to zero in this expression.
Note that the physical pion mass occurs near a “cusp" ragultom threshold effects, where an
intermediateD and 1T can go on-shell (sincA®© = mp- — mp = 142 MeV, is slightly greater than
the pion mass). This cusp and the effects of “staggering'eidéscussed in more detail in [14].

4. For thefuture

The plan for the future is to add statistics by running on pldttime sources, and to run on
additional lattice spacings generated by MILC and the Habmattice group in order to determine
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the lattice spacing dependence. We will incorporate thehiag coefficients into the analysis, and
of course, we will do a careful analysis of all the systematiors in order to report a final number
for the B — D*¢v form factor.
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