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Reparametrization invariance to all orders in heavy quark effective theory
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Heavy quark effective theory splits heavy quark momentum into a large fixed momentum and a variable
residual momentunp,=mqu ,+K, . It thereby suffers a redundancy of description corresponding to small
changes in the choice of the fixed velodcity . The fact that full QCD is manifestly independent should lead
to a nontrivial constraint on the form of the effective theory, known as reparametrization invariance. For spin-
% quarks, the precise form of the constraint and its solution at the level of the effective Lagrangian have proven
to be rather subtle, and the original proposal by Luke and Manohar has been questioned. In this paper | employ
a version of heavy quark effective theory containing the “antiparticle” field as a nonpropagating auxiliary
field, which greatly simplifies keeping track of dependence. This permits a very simple derivation of
reparametrization invariance from first principles. The auxiliary field can also be integrated out to return to the
standard formulation of the effective theory, but with the effective Lagrangian now satisfying the full reparam-
etrization constraint. | compare this result with earlier propo$&8556-282198)03501-3

PACS numbdrs): 12.39.Hg

I. INTRODUCTION significant reduction of work and increase in understanding
if one can first enforce RPI on the general form of the effec-
Heavy quark effective theorfHQET) provides a system- tive Lagrangian.
atic expansion of QCD amplitudes in powers of The precise form of the RPI constraint on the HQET La-
(momentum transferj, wherem is a heavy quark mass. grangian for sping quarks has been rather difficult to iden-
Calculations are very conveniently done in terms of an eftify and prove. The original proposal by Luke and Manohar
fective Lagrangian which is also organized in powers af.1/ [3] for the form of the RPI-constrained Lagrangian was
Referencd 1] contains a review and references to the origi-shown by Cheri4] to be inconsistent with the direct match-
nal literature. There are many interesting processes where thgg computation already at tree level. It is possible that the
momentum transfers between a heavy quark and the lighgroposal is valid up to field redefinitiorisee Ref[5] for an
quarks and gluons are of ordérgcp. For such situations application of RPI by this meahsut this is less useful.
and form> A ocp, the heavy quarkelocityis approximately  Chen proposed another form for the RPI constraint consis-
constant. This is formally reflected in setting up thenl/ tent with tree-level matching, but its general validity has
expansion by splitting the heavy quark momentum into twobeen unclear because the derivation effectively depends on
pieces: the use of the classical equations of motion. Kilian and Ohl
[6] obtained a RPI form for the HQET Lagrangian valid to
p,=mv,+k,, (1) all orders, and which reduces at tree level to Chen’s version.
I believe this to be correct and part of my present purpose is
to give a simpler derivation and better understanding of this
result. RPI in HQET has most recently been investigated by
ginkemeier, Georgi, and Mclrvifi7], who showed that the
constraints from Chen’s version of RPI are correct to order
1/m2. The framework of the present paper will clarify why
this happens even though Chen’s RPI is wrong in general
(see Sec. VI Referencd7] also showed that there is a field
redefinition (which does not affect the&s matrix) taking
, Chen’s constraints to those predicted by Luke and Mano-
v'=v+dv, v-v=0. 2 hars RPI, to order 2.
In order to understand the nature of the difficulty and how
QCD is manifestly invariant under such infinitesimal rep-to resolve it, let us briefly review the essentials of the HQET
arametrizations, so a systematic approximation to full QCDprocedure A priori the correct procedure for calculating an
such as HQET must also reflect this fact. This constraint oramplitude to some order inty(and ina) is to compute the
HQET is known as reparametrization invariaBdl). Luke  relevant Feynman diagrams of full QCD and to expand the
and Manohaf3] proposed that RPI should directly constrain result in powers of Th. HQET works essentially in the re-
the form of the Lagrangian, as with any other symmetry.verse order, which is the key to its conceptual and computa-
Since the HQET Lagrangian must be determined order byional advantages. Having separated out the fixed large mo-
order in ag and 1m by matching to full QCD, there is a mentum as in Eq(1), the QCD vertices and propagators are
first expanded in powers of 1Y and then used to compute
Feynman diagrams. Because of the different ultraviolet di-
*Email address: sundrum@budoe.bu.edu vergence structures that arise depending on whether one ex-

wherev , is afixedfour-velocity w3=1), andk,, is a vari-
able residual momentum of ordérocp. While this split is
very useful for book-keeping, clearly there is an arbitrarines
of orderA ocp/m in the precise choice af,, for any process
[2]. Formally we need just note the redundancy of the mo
mentum decomposition undatfinitesimalshifts in the fixed
velocity:
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pands in It first or last, this naive version of HQET only as a nonpropagating auxiliary fietdAs in standard HQET,
agrees at tree level with full QCD. However, the two proce-the 1/ expansion is performeldeforecomputing diagrams.
dures can be made to agréenatch”) by adding local terms  The fact that bothy.., are present makes RPI as simple as it
to the HQET Lagrangian. Once the extra termLjmer are s in the case of heavy spin-0 particles. One can in fact write
determined(to any particular orderby matching to some the most general form of the RPI-constrained effective La-
number of full QCD amplitudes, they are universal, and cargrangian. This is done in Sec. lll. In the second step of the
be used to compute other amplitudes without further referprogram, described in Sec. IV, the_, field is completely
ence to full QCD. This procedure is quite general and applieintegrated out, resulting in the general form of the RPI-
even if the quarks were spinless. In the spinless case there ¢enstrained effective Lagrangian in the standard HQET for-
no difficulty in trackingv dependence, deriving the form of mulation. In Sec. V, | check some of the consequences of
RPI for the effective theory, and enforcing the constraint onRPI on Lyqer at the leading orders of . Section VI con-

the form of the effective Lagrangidi3]. tains some discussion and comparison with earlier proposals.

For spins quarks there is an extra complication. When  For simplicity, in this paper | only consider HQET ap-

the quark propagator is expanded fgy<m in Eq. (1), one  plied to the case of a single heavy quark in interaction with

finds light quarks and gluons. While the character of the argu-
ments and results presented in this paper are nonperturbative

1 1+9 1 1 in nature, the proofs are given within perturbation theory, in

p—m+ie T2 kKoutie + ml 3 the context of minimal subtraction and dimensional regular-

ization. | will address the topic of RPI in nonperturbative

This shows that in the heavy quark linmt— o, not all four lattice HQET elsewhere.

spinor degrees of freedom propagate, but only the two com-
ponents projected out by (1#)/2. The usual practice is to Il. HQET WITH AN AUXILIARY FIELD
interpolate these spinor modes in HQET with a heavy quark

field , , | To focus on the residual momenkg as in Eq.(1), we

make the standard field redefinition
w¢+u:¢+u- 4 lﬂU(X)EeimU'Xlﬂ(X), 7)
(For an interpolating field this makes sense even wines where ¢ is the full QCD quark field andy, will be our

large but not infinite. Of course the expansion of E(Q) is HQET field, andm is the heavy quark mass. We can further
invalid in loops, wherek need not be small, and all four '

spinor degrees of freedom are important. Let us denote th%ecomposepv:
remaining degrees of freedom Iy, : ey
Vor=—% Y- (8)
yjlp*v:_w’*u- (5)

There is an ambiguity in just what is meant by the quark

particle” fields, respectively, since Eqe) and (5) are just “mass.” The canonical choice is to choose so that the

the Dirac equations for positive-energy particles and antipar[es'dual mass term fo_r"b*? vanishes _m_the HQET. In gen-
ticles with fixed momentunmo . eral though, any choice is allowed if it makes the residual

- mass<m (see Ref[8]). The minimal subtraction mass pa-
forvll/e <cr?1ninurllz(2e.r(slt)and the status ipf,, by observing that, rameter of full QCD will be separately denoted fnf u).
# ' At tree level, expanding in & before or after computing
1—4 1 1-4 1-4 1 1 Feynman diagrams makes no difference, SO matching the
= ( 2) (6) HQET to full QCD only amounts to accounting for EQ):

We can refer tay,, and_, as the “particle” and “anti-

2 p-miie 2 2 2m “\m?
riee o gimo.x iD—m)e imox
We see that relative to the ground state of the heavy quark HaeT— Yo ( Vo

sector,iy_, is a massive mode, with mass gam2Like any =I+v(iD v+m—myg,,

heavy mode in field theory we can integrate out its virtual — _

effects and omit the field from the effective theory. This is — ¢ ,(mtm+iD-v)y_,

what is done in standard HQET, ot depends only on — . —

., and the light quarks and gluons. Normally in field i oyt YD iy, ©)

theory heavy and light particles transform independently un- , .
der symmetries. Integrating out the heavy particles does ng¥nereé D, =D—D-vd. The gauge field and light quark
alter the symmetry properties of the light particles. RPI ist€'ms have been suppressed. The canonical choice far
different, in that under Eq2), .., clearly mix. Integrating this order is clearlym=m. In using this Lagrangian the
out the heavy mode_, necessarily complicates RPI in the HQET approach tells us to expand imf(1/m) before com-
effective theory.

In this paper, | derive RPI from first principles, in two
versions of HQET. In Sec. Il, | describe a version of HQET y_ plays a role in simplifying RPI analogous to the role of
in which the antiparticle fieldy_, is explicitly present, but auxiliary fields in supersymmetric field theory.
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puting diagrams, so we see that tile , propagator in a . 1
background gauge field is really completely local: Ty = 0y Ve Yy Vil , n=4k—1,4k-2,
1 1 iD-v

n _ . _
O = —(n!) Vi Vi, " Vo) d n=4k,4k—3. (14)

m+m+iD-v m+m+(m+m)2
Order by order in Ih this auxiliary field_, can be inte-
grated out to yield interactions for the propagatifg, field. . . (3) (@) i

At the quantum level, matching corrections #goer are !N four dimensionso™* and o’ can be reduced by intro-
nontrivial because in full QCD we expand imiAfter com-  ducing ys, but | have refrained from doing this to avoid
puting diagrams while in the HQET we expand the FeynmaHP_rOb'ems of dimensionally continuings. In four dimen-
vertices and propagators inm.before computing diagrams. Sions we also have™=0 for n=5, so they correspond to
The two steps do not commute inside loops because of ultr2vanescenoperators, only occurring in the counterterm La-
violet divergences, but since such divergences are local, ograngian of the effective theofyThe absence of operators
der by order in the loop expansion we can compensate b§)|gher than bilinear in the h.eavy quark fleld is because such
adding purely local terms to the HQET Lagrangian. To staté/ertices make no contribution t@imensionally regulatgd
the matching conditions precisely, we add sources to fultMplitudes in the effective theory describing a single heavy

QCD and to the HQET, quark. _ _ .
The different Dirac structures are of different orders in
5£QCD:77_eimu-xl//+ H.c. 1/m, which can be worked out by finding the lowest dimen-

sion operators that can occur in HQET with these structures,
and respecting QCD symmetries. However one of these sym-
metries is RPI itself, which is discussed next. This power-

) ) counting exercise is therefore deferred till the end of the next
and demand that the corresponding Green functions agregqton.

order by order in Ih and a.
The most general form for the HQET Lagrangian is

5'CHQET:%U+ H.C., (11)

Ill. REPARAMETRIZATION INVARIANCE
S+Y+ >, TM. oM

n=2

W, (12 The HQET with the auxiliary antiparticle field satisfies a
very simple form of RPI.L,qer being invariant under

EHQET: /8

=i, Uiy VUV iy (X)— &MY Xy (X). (15)

S+v-V+ Y, TMW.gMm
n=2

W At tree level for example, this invariance is manifest in the
v first line of Eq.(9). Beyond tree level the proof of RPI goes
as follows. By Eq.(7), the quark field of full QCDy(X) is
W invariant under Eq(15). This meansCqcp is invariant ex-
Y cept for the source term, E¢L1). Clearly the QCD partition
functional then satisfies

+_,|S—v-V+ >, TW. oM

n=2

n=2

+Z’U Y/L+Z T(n)'o-(n)

lr/,+v ’ (13)

LYY T g0

Z[ 9,7, ,0]=2Z[eM" ¥y, ne” ™ X ], v+ v],
where S,V,, ,Ti{‘l),“#n are local Hermitian operators con- (16)
structed from the light fields, covariant derivatives, and . _ _ .
and Wherea-(n) is the tota”y antisymmetrized product Of Whel’eJ# IS the gauge f|e|d source. ThIS I’elatlon hOIdS even
n(4+ €)-dimensionaly matrices, when the functional integral is dimensionally regulated and
minimal subtraction counterterms addedimensional regu-
larization is a “good” regulator for reparametrizations, Eg.
2 ] o (15).] After matching, this RPI and renormalized partition
These could be either connected or one particle iredu€i®®  ¢,nctional is equateto whatever order imrg and 1m one is
Green functions. Note that normally the relation between 1P1 Very, ying) to the renormalized HQET partition functional,
tices in full and effective theories is complicated when a massive
mode is completely integrated out. The reason is that a diagramin__
the full theory that can be cut in two by cutting an internal massive
mode propagator can become 1P in the effective theory where the®The reason the evanescent operatmiy appear among the mini-
massive mode is absent. In the present case, as discussed in tnal subtraction counterterms is just the generalization of the argu-
introduction, the massive mode s , , but because we have leftit ments of Ref[9]. It is possible that the technical problem of eva-
in the effective theory as an auxiliary field, we have a simple equalnescent operators can be avoided by usiimgensional reductioas
ity of the 1PI effective actions of the full and effective theories afterthe regulator. See, for example, the discussion in Ref]. | have
matching. not investigated this possibility in the present context.
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Z[5,7.3,.v] =d™X(imv,+D,)-- . Thus, the general RPI term ot
L o has the formy, f(imv ,+ D), , multiplied by a factor con-
=f DA#'Dlﬁ'v'Dl//veiId4+EX[LHQET+£CT+‘]'A+ ni eyl - sisting of light fields, thereby completing the proof. We see
that in the auxiliary field formulation, RPI is as simple as in
(17)  theories with spin-0 heavy quar{8]. As emphasized by
Luke and Manohar, the central reason for the complication
where L1 denotes the HQET minimal subtraction counter-of RPI in the standard formulation of HQET is that the heavy
terms, and the Fadeev-Popov ghost determinant is subsumedark field must satisfy a-dependent constraint. By includ-
into the gauge field measure. Noting that the source term, Edg the auxiliary field in the present formulation, there is no

(11), and the regulated measure are both invariant undegonstraint ong, =, ,+ ¢, .

n— €M Xy 4y —eMi-Xy,  we see that

Z[eim5v~x7],77e imév‘x!‘],uvv—’_‘sv]

= J DAMD%D%
e f 0" KL LpqeT+ OLugeT+ Lot+ e+ A+ i, + i, a)
(18)
where
SL=L(e™ X, e MUX A+ )
—L(¢y 8, AL L) (29
Equation(16) therefore reads
f DAMD%D%J dX(6Lngert 6Lcr)
X eideLHQET+£CT+J'A+wU+;z;77: 0. (20)
It follows that
f dX( 5‘[’HQET+ 6‘CCT) = 0, (21)

since all insertions of this operator into Green functions van

ish. In minimal subtraction we separately ha8€,oer=0

and §L-1=0 since they have distinct d/dependence. This

proves the RPI oL qer.

The RPI constraint orCqer has a simple _solutiono ,
andD, can only occur in the Lagrangian with, ,, [see
Eq.(12)], in the combinationw ,+iD ,/m. (This is only true

for covariant derivatives acting on the heavy fields, not o

the light fields, which are trivially RP).That is,S,V,, , T("
are constructed out af,,+iD ,/m. The proof is straightfor-
ward. Instead of working withy, , ¢, directly, we can write

any effective Lagrangian in terms of the combinations
y,e™ X ande '™ Xy, which, as we noted earlier, are in-

variants under Eq(15). A general term ofLqer has the
form ¢, ™ *f(v,,D,)e "™ Xy, , wheref is some mono-

mial in its argument$and can be a matrix in spinor, Lorentz,

or color spaces multiplied by a term involving only light

fields and their covariant derivatives. In this decomposition

only the v, argument off transforms under Eq15). Fur-
thermore the only invariant combination of,’s alone is

trivial, v?=1. Therefore imposing RPI just translates into the

n

We are now in a position to give the power counting for
the operators of the various Dirac structures, described at the
end of the last section. They are restricted by conventional
QCD symmetries, and by RPI. THE™ must have at least
one pair of antisymmetrized Lorentz indices to be contracted
with the o™, These indices can only arise from a pair of
reparametrization-covariant derivatives+iD ,/m. That s,
TMW=---(v+iD/m);, - (v+iD/m),;--- . However, terms
in which anywv’s are pulled out of the parentheses do not
survive the antisymmetrization unless there are also deriva-
tives between the two sets of parentheses. It follows that the
T operators must contain at least two derivatiZes. So
by dimensional analysis tHE™ can be at mosP(1/m). The
lowest dimension operator that can appealSiis the unit
operator, with a coefficient of orden by dimensional analy-
sis. Similarly the lowest dimension operator that can appear
inV, isv,+iD,/m, again with a coefficient of ordem.
There is just one subtlety which can already be seen at tree
level. ThoughS and V,, are both of orderm, S+uv-V
~QO(1) if we choose the residual mass to vanjsh be at
mostO(Aqcp) |- To summarize,

S—u-V~O(m); S+v-V~O(1); Y,~O(1);

TW<O(1/m). (22

IV. INTEGRATING OUT THE ANTIPARTICLE FIELD

The auxiliary field formulation of HQET is a valid calcu-
lational scheme in its own right, once matched to full QCD.
However, having solved the RPI constraint in this formula-
tion we are free to integrate out the auxiliary field and return
to the standard formulation of HQET in terms #f , (once
we turn off the source foy_,). The result will be the gen-
eral RPI-constrained form of the standard HQET Lagrang-
ian. Sincey_, occurs at most quadratically in E(L3) we

can easily integrate it out to get

‘CHQET+ LCT:E’U[ S"’ U - V+ E T(n) . 0'<n)
n=2

n=2

—y, +> TM. M

-1

n=2

X|S—v-V+ >, TM. oM

(=v)

}erv'

(23

X|Y, + > TM. oM

n=2

v independence of. The phase factors can be cancelledThis expression requires some explanation. The ) sub-

against each other by noting thatD,e™ ...

script appearing in the operator inverse is an instruction to
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perform the inversion completely within the {%)/2 sub- 1+d' oy

space, not the full spinor space, thereby getting a result that+.'= 5> © ",

also lives in the subspace. Secondly, this inverse is really

local. The reason is that the dominant partSfv-V is a , 1
. . ‘ 1+9

constant of ordem. Therefore expanding the operator in- =emév:x__~ ] 1-|S—p.-V+ 2 T, &M

verse in powers of i yields a series of local operators, 2 n=2 (—v)

} (v[/+v

similarly to Eq. (10). The last observation concerns renor-
malization. When integratings_, out of the auxiliary field X
formulation, the effective Lagrangian in the functional inte-
gral contains counterterms. Therefore each oper&igr

Yo S T g

n=2

=S,V,T(™ appearing in Eq(23) has the form =[1+im Sv - X+ %Ié_ %ﬁ
-1
Op=0(p) + Opolesv (24 X|S—v-V+ 22 T, oM
n=
(—v)
where Opqpesis @ sum of 1¢" pole counterterms obtained in XV, + > TM. oM ] Dy (26)
the auxiliary field formulation of HQET. The standard n=2

HQET Lagrangian is just the finite part of E@3), the poles
providing the counterterms for the standard HQET formula-whereO(v?) terms have been dropped in the last line. This
tion. Clearly, given Eq(24), to all orders inas and 1m this ~ general form also agrees with Kilian and QBl. However,
finite part must also have the form of qu4)’ where the theSpeCiﬁCformS OfS,V,T(n) must be determined by match-
operators are tHeO(w). That is, both the renormalized and !ng thg auxiliary field formulation of HQET to full QCD. It
unrenormalized standard HQET Lagrangians have the forrfp Straightforward to see that the operators appearing in Eq.
of Eq. (23). RPI restricts the)(u) and theOp,esto be con- (26) are either thed(w) or Oy depending on whether one is
structed fromv ,+iD , /m. This result agrees with Reff6]. considering RPI 0Lyqer OF Lugert Ler, respectively.

We can view the form of Eq(23) as the solution to de-
manding invariance under a reparametrization transformation V. EXAMPLES IN STANDARD HQET
of ¢, . We can derive this transformation by noting that the
Gaussian integral performed to eliminate, is the same as
using they_, “equation of motion” following from Eg.
(13):

It is a well-believed expectation that RPI should con-
strain the term in the standard HQET Lagrangian
—(1/2m)y, ,D?y,, to have unit coefficient to all orders in
ag (for example, the analogous statement is straightforward
to prove for heavy scalaf8]). Let us see how this emerges
from the general form, Eq23). One can easily check that

-1 the T(™ can have no effect on th@(1/m) operator of inter-

Yo=- S—U'V+r§2 T g est. Thus the part of the Lagrangian with the right Dirac
(=v) structure to this order is given by
), M - _
X Yak 2, T | @9 Lyger= i AStoVYL(S— 0 V)TV B+

(27)

where S is a function f((v+iD/m)?)=f(1+2iv-D/m

: : : —-D?m?), and V,=g(1+2iv-D/m—D?%m?)(v,+iD ,/

[See the rem_arks after E@3) regarding the [nterpretatlon of m). Actu)ally, RPI %er%gits more general forr31(s #Srandﬂv

mation in the auxiiary ild formlation corresponds to the "1'e-ceN be reduced o he above by using the fact that
Y P v,+iD,/m commutes withv ,+iD ,/m up to terms involv-

following transformation in standard HQET: ing the gauge field strength, such terms being discarded into
the ellipsis above. To order/the general forms of and
vV, are
. D? (v-D)?
“The products of (4 €)-dimensionaly matrices encountered in S=-—m+Z|iv-D- 2m thka m

Eqg. (23) can be reexpressed as linear combinations of the fully

antisymmetrized products ly,, ¢{™, and simplified using (1 D2 (v-D)?
+¥)/2-projected identities to arrive at a canonical form for the \/ — iv-D— _) +ks,
standard HQET Lagrangian. These particular manipulations do not a 2m m
introduce any explicit powers af, which would have changed the (28
separation of the effective Lagrangian into the finite part and mini-

mal subtraction counterterms. Substituting into Eq(27),

m,+2Z,

I

o2
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2

) D
iv-D—-—

ms . D
I

m

Lyger= ‘1[/+v{ my—my+(Z,+2Z5)

2n2
m;D

— m2(m;+my) @9

It remains to putlyger into canonical form. Then,—m;
term is the “residual mass” term. We chooseto make the
residual mass vanisim; =m,. Next we perform wave func-
tion renormalization to ensure thét, ,iv- D¢, has canoni-
cal unit coefficient. The result is

D2

LHQET:%v(iU'D_%> ¢+v+.“ ) (30)

as we wished to prove.

A second example involves spin-dependent terms in the 2
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matching corrections t&,V,T(™ in the auxiliary field for-
mulation of HQET, so the reparametrization transformation
of standard HQET, E(q26), is necessarily corrected beyond
Chen’s tree-level form. This means that Chen’s proposed
form of the RPI transformation must be wrong. Therefore at
first sight, it is surprising that Finkemeier, Georgi, and Mclr-
vin [7] could prove all the predictions of Chen’s form of RPI
to O(1/m?) in Lyoer, such as Eq(32), for example. We are

in a position to understand this. The results to this order in
the effective Lagrangian are completely determined by the
form of the reparametrization transformation to ordem,1/
so that theT(™ are irrelevant inside Eq(26), by Eq. (22),

and we can use the forms in E@8) for S andV. When we
enforce the vanishing of the residual mass=m, we find

ob 60 i,

iy =11+im Sv-x+—+ Yy +O(1IM?).

(33

2 2m

standard effective Lagrangian. Both Chen’s and Luke and
Manohar's versions of RPI predict that the coefficients of th

operators eI'h|s is precisely the same as Chen’s transformation to order

9s — .
Omagzﬁ ot G,u,vl/f+vv

igs —
02:8_rnSZ ¢+UUQMUV{DQ’GMV}¢+U' (31)
are related by
2Cmag=Cot1 (32

1/m, thereby explaining the success of Chen’s proposal to
order 1m? in the effective Lagrangian. Beyond this order,
Eqg. (26) and Chen’s transformation no longer coincide, and
only Eq. (26) is correct.

Equation(26) is also not the RPI transformation proposed
by Luke and Manohal3]. However, to order ™?, Ref.[7]
has shown that there is a field redefinitiomhich does not
affect the S matrix) which, when compounded with the
Luke-Manohar transformation, yields E@3). It is possible
this agreement with Eq26) up to field redefinitions persists
at higher orders in HQET. See Ré8] for some more dis-

(when the heavy quark kinetic term and residual mass termgussion.

are put into canonical forin3,4,7]. Referencq 7] showed

The auxiliary field formulation of HQET is a viable cal-

this to be true independently of the earlier RPI proposals. Itulational scheme which makes RPI extremely simple, given

is therefore of interest to know whether E@®2) follows

by Eq. (15). If one prefers the standard formulation of

from our general form, Eq(23). The answer is yes, as a HQET, the correct form of RPI is the one obtained by Kilian

straightforward but tedious calculatigalong similar lines to
the last exampleshows.

VI. DISCUSSION

At tree level,S=—m, V,=mov,,+iD,, T™=0, and if

and Ohl[6] and rederived in this paper.
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