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Several perturbative resuits relevant for the determination of heavy meson decay constants have been
obtained. This talk is a summary of some recent continuum results, including 1/m corrections to the heavy
quark Lagrangian, which are relevant for 1/m corrections to other matrix elements.

1. INTRODUCTION

For brevity and clarity, in these proceedings | will
summarize some perturbative resuits for the contin-
uum static effective field theory without derivation. |
refer to the papers on which this talk is based? 2 for
more detail and references to related work.3 In the
following three sections, | discuss the tree level static
effective fieid theory Lagrangian, 1/m corrections to
it, and 1/m corrections to the current determining
the B meson decay constant, fg. One loop results
are given in section 5, and | conclude with a discus-
sion of lattice applications.

2. STATIC LAGRANGIAN

The degrees of freedom of a heavy quark un-
dergoing tnteractions with momentum transfer much
less than its mass are described by a two-component
field, w. In the rest frame of the heavy quark, the
field is a doublet under the rotational group. Only
two invariants of dimension four or less can be built
from it. They are ©!i8% and 'e. In Minkowski
space, at zeroth order in the 1/m expansion, the
static effective field theory Lagrangian is therefore

L = ZehiD% — Zémety , (2.1)
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where the derivative i0# has been replaced by the
gauge-covariant derivative, iD*=18%+gA*. Z is the
wave function renormalization of the heavy quark
field, and &m is the mass counterterm. At tree level,
Z=1and ém=0.

3. POWER CORRECTIONS TO THE ACTION
There are two dimenston-five operators which in-

corporate the 1/m corrections to the static effective

theory Lagrangian, the nonrelativistic kinetic energy,

1 .
Oiin = — ' D'D'y, .
kin zm‘P @ (3 1)
and the chromomagnetic moment operator,
t .
Om" = E—;tp*ﬁ,‘jkvwa’kl‘a . (3.2)

In the Minkowski space Lagrangian, these operators
appear with coefficient ZZ,, and ZZ,,,, respec-
tively. Their normalization has been chosen so that
Ziin = Zmeg = 1 at tree level.

The operators Oy, and O, are the same as
the operators that appear in the nonrelativistic ef-
fective field theory. The essential difference between
the static and nonrelativistic theories is that in the
former, these operators are treated perturbatively,
These operators are relevant to 1/m corrections to
various matrix elements, including the one which de-
termines fy.

4, POWER CORRECTIONS TO CURRENTS
The current whose matrix element determines
fo is §ysv°b. At zeroth order in 1/m, the corre-
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sponding effective field theory operator is propor-
tional to 0
0=q(1)¢. (4.1)
The matrix appearing between the four-component
light quark field, §, and the two-component heavy
quark field, ¢, is four-by-two. In a Dirac basis, this
four-by-two matrix is easily expressible in terms of
two-by-two blocks. Let the coefficient of this opera-
tor in the effective field theory expansion of the full
theory current be denoted D. At tree level, D = 1.
There are three 1/m-suppressed operators that
can appear in the expansion of gy;v%b. They are

o M 0)
6 = mq(I v
= 1. (o\ . pi
0, = mq(o)ﬂ)(p. (4.2)
1 , .
0 = =D (7)e

Any 1/m-suppressed operators with these rotational
and discrete symmetry transformations can be ex-
pressed in terms of these three operators to this or-
der in 1/m by using the equations of motion. Let
the coefficients of ©,, ; and O3 in the expansion
of the full theory current be I}y, D, and D;. At tree
level, Dy =0, D; = ~1 and D; = 0.

E. ONE LOOP RESULTS

To one loop corder, the renormalizations of the
1/m-suppressed operators in the Lagrangian are
given by Z;;, = 1 and

L as {9, 13

The coefficient of the part of the effective theory
current that appears at zeroth order in the 1/m ex-
pansion is

ag 3 p.z
D=1+2(—2-Znk ), .
+31r( 2 2|nm2) (5.2)

The coefficients of the 1/m-suppressed terms in the
expansion of the current are

2
Dy = E.s_(_aln“_,“) ,
m
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1 as {3 4t
Dy = Z2(-6).

6. CONCLUSIONS

There are two sources of 1/m corrections to
fa. Both the matrix elements of the time ordered
products of the 1/m suppressed operators in the La-
grangian with the zeroth order current,

i [ 2T (ZunOuin(2) + ZmasOras (2))DO())

(6.1)
and the matrix elements of the local 1/m suppressed
operators in the current,

DhOy(y) + DaO0a(y) + DaOaly) . (6.2)

are needed. These corrections may account for part
of the discrepancy between D and B meson decay
constants which have been measured by two different
lattice gauge theory methods.

A lattice determination of these matrix ele-
ments would require a choice of discretization of
the dimension-five cperators appearing in the time-
ordered products and of the three local operators in
equation (4.2). Unfortunately, the renormalization
of these operators gives power divergences which are
difficult to subtract perturbatively.

Corrections of order 1/m nicely account for the
ratio of D*-D to B*-B splitting. A lattice calcu-
lation of the matrix element of Oy,., between two
heavy mesons would determine the coefficient and
provided a stringent test of this method. There is
no mixing with lower dimensional operators for the
operator determining B*-B splitting.

Further perturbative computations relevant to
this program are the computation of the matching
of the discretized operators to their continuum coun-
terparts.
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