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O(aa,) matching coefficients for theAB=2 operators in the lattice static theory
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We present the perturbative matching coefficientGfaas) which relates theAB=2 operator in the
continuum to that of the lattice static theory, which is important in accurate extraction of the continuum value
of Bg from lattice simulations. The coefficients are obtained by one-loop calculations in both the continuum
and lattice theory. We find that two new dimension-7 operators app&afaat;) with O(1) coefficients. We
also discuss possible cancellation of Béaca) correction in the rati(BB=(§|OL|B)/[(8/3)(fBM )21 quali-
tatively. [S0556-282(99)01813-5

PACS numbgs): 12.38.Gc, 12.39.Hg, 13.20.He, 14.40.Nd

[. INTRODUCTION [6—9] so far. Although previous simulations have not shown
a clear cutoff dependence &g [9,10], it would be very
One of the most important issues in particle physics is thémportant to study théD(aag) mixing effect explicitly in
origin of mass andCP violation. Cabibbo-Kobayashi- order to obtain the precise value Bf.
Maskawa(CKM) matrix elements are believed to play a key ~The purpose of this paper is to investigate Déaas)
role to probe the physics behind it. Despite a lot of effort in€ffect for Bg. We perturbatively compute the operator
various approaches, the matrix elemafy which can be matching coefficients of static-clov&B =2 operators up to
determined fromB°-B® mixing is still only poorly known O(aas). We use the notation defined by the authors in Refs.
due to theoretical uncertainty in the hadronic matrix element[6’7]' . . . .
. . {BP-B° mxing is param- A phenomenologma-lly.|mportant quant!ty might be the
The hadronic mairix element for t 91Sp product ofBBfE3 which is just the expectation value of the

etrized using theB meson decay constarig and the bag _ : . .
parameteBg . Lattice QCD has been considered to be one oIAB_2 operitor. Therefore it seems sufficient to improve
only the AB=2 operator. To determinég and By sepa-

the most reliable approaches for computing these quantities
with high precisionp%o far most of thg effc?rt has bqeen de_rately, however, would have a somewhat greater advantage
: from a technical point of viewW4]. SinceO(aas) improve-
voted to theB meson decay constant. At an early stage, thement for B requires imorovements of both the heavv-liaht
decay constants were computed in the static approximatiogxiaI vectoBr cuqrrent andpthAB—Z operator. we also %eg-
and from extrapolation from light quarks. It was found that . . —<op '
both the lattice cutoff dependence and heavy quark maso" the result_for hea\_/y-hght current for completeness.
dependence are significantly large. Later the scaling behavior '!'he Paperis orgamzeq as fO"O.VV.S' In Secs. Il and Ill, our
for the lattice spacing [1,2] and the heavy quark massiy main rgsults, the matching coefficients to tBéaa,) for
[3] were investigated carefully and the best estimate gof heavy-llght current and thAB_Z operator, are shown, re-
from quenched lattice QCD is nof=165(20) MeV[4]. spectively. In 'Sec'. IV, we d|§cuss the impact qf our results
On the other hand, until recently, the bag parameter has be 9 ethae dzze(;ir)rgler;agcr); (;E\%tgcljniyigvn?ecgzggijlgeinmtrﬁse%a\lgula-
calculated only either in the static limit or by naive extrapo—tion PP
lation from light quarks. In this respect, careful studies of T.hrou hout this paper. we choose the Eevnman gauge
systematic errors of the bag parameter are still missing. 9 paper, y gaug

i generln oder o get s continuum resof a pysica? 1) 4 1 10T Uk e, = el xee T
guantity such a$g from lattice simulation, we have to com- 9 PP 9

pute physical quantities on different lattices and extrapolatﬁ:]iur;gglaéfgto?g g;emigﬁfrﬁ;”rzeeg dUI\e/lvriltiatrlr?cr)] di?igg :;]ﬁ]iﬁg?'
the results to the continuum. Therefore the final results hav peratc

smaller errors if the cutoff dependence is smaller. It wagSubtraction MS) scheme, Wh"e_ the infrared divgrgences are
found thatO(a) improvements of the action and lattice op- r€gulated by the gluon mass in both the continuum and
erators in the Symanzik approach significantly reduce théattice theory. Operators with superscripts “con” and “lat
lattice cutoff dependences of various matrix elements. Fof€fine the continuum operators and the lattice operators, re-
heavy-light axial vector current, such kinds of improvementsSPectively. In our conventionys always anticommutes with
have been accomplished by Morningstar and Shigerfisu 7« - We give all equations in Euclidean form.

in the lattice nonrelativistic QCD(NRQCD) formalism.
They found that the additional operator mixedda«) and
the inclusion of the effect significantly reduced the value of
fg at finite lattice spacing and it was also the case in the In this section, we present the matching coefficients of the
static limit. In contrast to the decay constant, Béaa,) static-light current operators which are relevant to the deter-
mixing effect has not been studied g . One reason is that minations of the form factors of the static to light decays as
only the operator matching @(«s) has been done in Refs. well as the following discussion. Our lattice gauge action is

Il. STATIC HEAVY-LIGHT CURRENT
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the standard Wilson plaquette action. For the light quark we

. - a 5
use theD(a)-improved SW quark actiofi.1] with the clover (q(k)| (o b(p))z[ 1+ 4—SCF <4 H2— 5) In ,u_2
coefficientcg, and, in contrast to Ref7], we do not incor- ™ mp
porate the rotation operator associated with the clover fer- 5
mion in the current o 3. [A HG 3
perator. —onl - ==4 2R
In the following, we describe the lattice static quark. In 2\ p? 2 4
the static limit, the quark action is separated into two pieces
in the Dirac basis, namely, one for the static quafkand the HH 11 30
other for the static antiquark’. Both are two-component (I’
fields which are related to the relativistic four-component
field b as
— (3
c Gga)\ (I+o, )

b= b’ b= (b’ —F 1 where the symbo(- - - ), denotes the tree level expectation
T\ Brt) =(b"'=b"). (1) value between the same initial and final states as those of the
left hand sideppz(Ng— 1)/2N, with number of colom,,

_ o m, is the heavy quark mass, ad§t’=q(aD- y)I'b. The
In our convention, the action is given by renormalization scale for the amplitudeyis The definitions
of H, G, andH’ are the same as those in REE3]. In de-
. B - _ riving Eq. (3), we use the equation of motion for the light
SStat:XE b, " (X)[ S,y —U4"(y) 8x-a,y]18aghf () quark, qysk,=—qy-k, and also that for the heavy quark,
Y v4Up= Uy, to simplify the result.
)i i ] Repeating a similar calculation as in the continuum theory
+X2 (=b (X)) [6yy 0" —Ug(X) x+d,y] in step (i), we obtain the corresponding amplitude on the
Y lattice as follows:
X 8ar BRI (y), ) N 3
—SCF( - §|n(a2)\2)+A(FO)

)| 7(0)la )\ —
(AP b(p))=| 1+ 72—

wherea (a') andB (B') run over 1 and 23 and 4. Our

Feynman rules for the lattice static quark and antiquark are + A4 Eu(z))

obtained from the above action through the standard proce- r 270

dure. The heavy quarlantiquark propagates only forward

(backward in time direction. " ECF
To determine the matching coefficients upQfacs), (i)

we calculate the heavy to light on-shell scattering amplitudes

(3o

(38 +r(1-cg,In(@a®\?)
3an Sw

with the following operator with arbitrary gamma matdix +A(r1)+A'F(1)) (I, (4)
J(FO):an, where
A=d,+d,G+ E(e<R>+f) (5)
in the continuum full theory up to one-loop order, expand the r 1 2 '

resulting expression with respect to the momenta of external

quarks at their rest frame, which is required to obtain the 10)_ 41 1,

matching coefficients through desired orde(ac«g), and Ar=—d G+§f ' 6)
take the static limit of the heavy quarkgi) We repeat a

similar calculation to stefi) on the lattice static theoryiii) A(Fl)= UG+V, (7)

Finally we express the continuum operators in terms of the

lattice operators with appropriate matching coefficients tag| E|. The numerical values af', U, U', V, andV!' for each
which are adjusted so that both theories give identical oneggjye ofr.

loop scattering amplitudes up ©(aas). In this matching

procedure, we have two coupling constarit¥? in the con-  r 1.00 0.75 0.50 0.25 0
i lat ; . .
'gnu#m thelory andeg in the lattice theory. In this paq].;)erh g 414 374 312 204 0
oth coupling constants are rewritten in terms of the 4.89 597 6.16 8.26 12.72

V-scheme coupling12] at one-loop order.
In step(i), V\Pe c@aICl]Jlate the scgttenng amplitude with anUI —0.29 -0l 0.02 0.06 0
—-7.14 —-7.51 —7.72 —-6.99 0

initial heavy quark carrying momentuuﬁ and a final light |, 1.98 1.82 151 0.98 0
quark carrying momenturk. The resulting expression is

034501-2



O(aas) MATCHING COEFFICIENTS FOR THEAB=2 . .. PHYSICAL REVIEW D 60 034501

TABLE Il. The results of the heavy-light current matching addH’, andG for eachl.

r H H’ G {;'(ro) éV(rl)
1 4 1 1 33In(u¥md)+ 3n(a?mp)—2.25 0.56
s -4 -1 -1 33In(und)+ An(a?nd)—8.41 9.76
Yi -2 -1 -1 SIn(a’md)—14.41 9.76
Ya -2 -1 1 3In(a®m)—6.25 0.56
YsYi 2 1 1 3In(a®mf)—8.25 0.56
YsYa 2 1 -1 3In(a®md)—12.41 9.76
o4 0 1 -1 — 3In(u?md)+ An(a®nd) — 14.41 9.76
aij 0 1 1 — 3In(u?/md) + 3In(a®md) —8.25 0.56
A}(1)=U'G+V'. (8) that there is no linear divergence proportional ta i the

coefficients, while there is a logarithmic divergence unless
The renormalization scale for the amplitudeaist. A{” and ~ Csw=1. In the use of Wilson light quarkcg,=0), therefore,
AIF(O) correspond td\p andA'F in Ref.[7], respectively, and We cannot match these operators conS|ster_1tIy due to this in-
the numerical values d,, d,, e®, andf are tabulated in frared mismatch as prewolusly pointed out in R¢&7].
Refs.[6,7,13. Although our explicit form of the integrand of ~ The results o{” and{" for eachl’ are summarized in
d' completely agrees with that of Reff7], the numerical Table I, wherer =c4,=1 and the tadpole improvement is
value ofd' is slightly larger in magnitude than that of Ref. Performed by using the perturbative expression of the critical
[7], and the value is tabulated in TableU, U', V, andV'  hopping parameter. The numerical values of@@as) cor-
are new contributions ad(aa). Their explicit forms of the ~ rection for axial vector current and vector current are consis-
integrands are shown in Appendix B and their numericatent with those in Refi5]." It should be noted that the coef-
values are tabulated in Table I. The coefficients with theficient of I depends only o5, andG=—1 might lead
superscriptl vanish when Wilson light quark is usedy, to a large mixing effect, whil&s=1 does not. Actually the
=0). ug)Z) comes from the tadpole improvement of the light MiXing effegt leads to a significant change fgr, which has
quark wave function renormalization; for details see AppenPeen seen in Ref$2,14].
dix A.

In step (i), matching Eq.(3) to Eq. (4), we obtain the
following relation between the operators in the continuum
and lattice theory: In this section, we discuss the matching of th&=2
operator. The matching procedure of th8=2 operator is
essentially the same as that for heavy-light current in the

lll. AB=2 OPERATOR

(0)con_ Es L 0] (0)lat, FS ~ (1)q(D)lat
Ir 1+ A Crlr }JF + 477CF§F Ir previous section. Before proceeding to stgp we give the
definitions of the operators:
where O_.=[by,P.allby,P.a],
1 5\ [w?) 3 [N’ HG 3 o P
0)_ _Hz__)m L TP .S L LR Y Os=[bPq][bP,q],
& (4 2] \mg) 27\ w2 2 4
1 3 1 Or=[b7,,Pral[by,Pral,
_ZJF5'“(327\2)_A(r0)_A|r(0)_5“82), (10 R=LDY,FRAILDY,.FRA
On=2[by,P.ql[by,Prq]+4[bP
(= —r(1-cqin(@a?) - Al - A 11 n=2[b7,Pal[by,Pral+4[bP.q]

. . X[bPRq]v
The result of Eq(10) was obtained in Ref$6,7] except for
the differences of our inclusion of tadpole improvements and . . ..
the wave function renormalization of lattice static quarks. Op=[by,P.q][by,P.(aD-y)q],
Equation(11) gives a new result for the arbitrary static-light
current. For axial vector current and vector current the
matching coefficient forJ{”"" has been calculated with  inote that since there are some differences in the definitions of the
NRQCD action for heavy quarks in Ref]. From Eq.(9) lattice operators and the matching coefficients in this paper and in

we observe that the(a) operatord(V' appears at this or- Retf. [5], one would need to redefine our definitions to compare the
der, which is considered to be a lattice artifact. It is notedresults with theirs.
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—orh- h- 3.2 light quark and the final state with a heavy quark and a light
Onp=2[by,P.q][by,Pgr(aD- ghtq yq g
no=2] 72 Lq][_y” Rl vl antiquark in the continuum theory. The initial heavy anti-
+4[bP_q][bPg(aD-y)q], quark carries momenturp,, the initial light quarkk,, the
whereP =1—vy5 andPg=1+ ys. final heavy quarkp;, and the final light antiquark,. We

In step(i), we calculate the two-body scattering amplitude obtain the scattering amplitude in the continuum theory at
for O, between the initial state with a heavy antiquark and aone loop as

(a(ke).b(p1)|OF*Na(k) b(P2) = ZG"Z5" 2 Viafky,Prka,P2)

2 2
|1+E 2In| — MZ —41In m_g +CL <OL>O
as 167
Cs<os>0 . 3a)\< ND)O> (12

where thevgo)n (i runs overa—d) denotes the contributions from each diagram in the continuum theory, which appear in
Appendix C. The constants, = — 14 andCs= —8 appear in Refd.6,7].
In step(ii), we calculate the corresponding amplitude with the lattice theory and obtain the result as follows:

(a(ky),b(p)| O a(ky),b(py))

= Zlatzlatz Vg%( lzl ’ 51 ’ IZZ ) 52)

%s 2y 2 .4 o as | as |
=1+ 7| —4In@% )—D_—D|+ 33 <OL>0+E(—DN_DN)<ON>0+E(—DR_DRNOR)O
o1 e ina®2?)—D p—D' o (O 5)e+ — Dyp—Dhp|(Onp) (13)
Ar 3 SW, LD LD/0 3a)\ ND~ YND ND/O»
|
where | 10 |
10 1 1 4 7
Di=——=d;——c—zv—=(e®+H+=, (19
3 3 3 3 3 Dnp=—2U, (22
S T} (15 Dipo=—2U". (23
3 3
The coefficient, , D| , Dy, Dy, Dg, andDg have been
Dn=2d,, (16) calculated in Refs[6—9] and we use the same notation as
those in Refs[6,7] for convenience. The coefficienB p,
DL=—2d', (17 Dip, Dnp, andDyp are novel results of this paperl) (i
runs overa—d) is the contribution from each diagram in the
4 lattice theory, which are shown in Appendix C.
Dr= §W, (18 In step(iii ), using Eqs(12) and(13) we match the lattice
operator and continuum one ©@(aag). We obtain the op-
4 erator identity
Di= 2w, (19
3 n_ | t
o= 2 Z,08 (24)
D 10V 20
Lo— 3 % @0 wherex runs over{L,S,N,R,LD,ND}:
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O(aag) correction forO" as in the case of axial vector

current, though the lattice matrix elements®@£L and O

are not yet known.

as
Z,=1+,—|6 In(a®m2) — 2 In(a®u?)

4
+C,+D +D'——u(2)), (25
LtD+DL— 3 IV. DISCUSSION

In the previous section, we pointed out that thB=2
—Cg, (26) operator might receive a larg®(aag) correction. For a rig-
4m orous investigation of th®(a«,) effect, we must rely on
future works. On the other hand, previous simulations have
@27) not shown a clear cutoff dependence Bf and seem to
imply that the vacuum saturate approximati®sA) is plau-
sible within a 10% level around the used lattice cutoff scale
as | (~2-3 GeV)[9,10,15,18. In this section, therefore, we at-
Zg= 7 _(Dr+Dg), (28)  tempt to estimate th©(aay) effects forBgf3 and By as-
suming the VSA for the lattice matrix elements and using the
10 r(_esults of the previous sgctions gnd thgn invgstigate the con-
r(1-cgin(@®\d)+D p+Dlp|, sistency of our result with previous simulations. Although
3 this analysis is quite rough, we believe that it is possible to
(29 find some, at least, qualitative features.
Let us discuss th®©(aas) correction for(B° O °1B%)

_ Y | using the VSA. Under the VSA, the relevant lattice matrix
Znp= —(Dnpt+Dyp)- 30 !
ND 477( no* Do) (30 elements take the following values:

ZS:

Zy= 2D '
N_E( Nt DN,

as
LD™ 4

O and 02 are defined at the scaje anda™?!, respec- (BYOFBO) (VSN =(BO| 0 @ BO)(VSA)
tively; thusZ,’s are functions ofx anda*. Here and here- .

after we do not explicitly show the arguments of the opera- = (B0 BO)(VSA)
tors and renormalization coefficients, which should be

obvious to the reader. We find that the above results to :_§<§0|Olat| BO>(VSA)
O(as) agree with those of Ref$6,7] except for the coeffi- 5 S

cientDy in Ref.[7] (see Appendix € The correct value of 8

D'R i_nclud_ing a double rotationI o_perator_ has bt_aen already :§(f|(30)|atM 8)2, (32)
obtained in Refs[8,9] and ourDyg is consistent with them.
Two new operator$) 2 and O34 mix at the O(aas). It
should be noted that the coefficients of the new operators
have completely common integrands to those\lfsh‘f)'at in )
heavy-light current. The use of the Wilson light quadg =— 5f'§t§(f(30)'atM 8% (33
=0) leads to a mismatch of the infrared behavior between

continuum and lattice theory as in the case of heavy-hgh%lvhere fl(so)latMBE<0|J(0)|at|§0> and 5f|at5<0|\](1)|a¢1§0>/

(V|0 5] 0)1H = (B0} 80) ")

current. B Y574 Y574
Whencg,=r=1, Eq.(24) becomes (0[3(V21B%). Substituting Eqs(32) and (33) into Eq. (3),
we obtain
o
Of"=|1+ ﬁ(Gln(azmﬁ)—z In(a®u?)—35.15 |0 VSA

(BYlOF1BY) — (BB

aS lat as lat
+—=>(—8 + —(—6. 6) 8 [6%
477( )OS 477( 6.1 ON ———(f(BO)latMB)Z l-i——S (6 In(azmﬁ)

ﬁ _ lat E _ lat
+ 1. (-05208% = (~17.2001% — 2 In(a?u?)— 36.83+ 26.405113Y |,

ag

J’_
4

(—9.20008L . (31 (34)

where the last term withsf' is essentially due to the
Here we used a tadpole-improved expression for the criticaP(a«s) effect. We can use the data calculated by Ali Khan
hopping parameter. It is found that the one-loop coefficientet al. in Ref. [14] to guess the value obf2' in the static
of the two new operators are 17.2@/4nd 9.20/4r, respec-  limit. In our estimate, their finite mass results@t 6.0 im-
tively, and are ofO(1). This means the possibility of a large ply 5f'§“~—0.5 in the static limit. Using the coupling con-
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stants at the corresponding lattice with a Lepage-Mackenzie
prescription12], as~0.15-0.25, we find that the magnitude D=

of the O(aag) correction for (B°|OBO)(VSA) is very

large, about 15—-25 %. Although this analysis is a naive esti-
mate of theO(aas) correction using the VSA, this suggests

that there are large contributions frdd(acas) correction for

O°"and the improvement dd(aas) should be necessarily

included.
Now we turn toBg, which is defined by

_(B%0{”"B%

B (39

8 2
§(fBMB)

To improveBg in a consistent way, we should include the
O(aag) improvements of both the numerator and denomina-o

tor of Eq. (35). Substituting Eqs(9) and (24) into Eq. (35)
and linearizing the resulting expression a according to
the discussion of Refl5], we obtainBg as

Bg=>, wyB¥—2w,sf2BMA,
X

whereX runs over{L,S,N,R,LD,ND}:

Zx
(Z0)%

Y574

Wyx=

(1)
_27574
T 7(0)

27574

(OF}

lat__

(B%0%(B°)
X - -

8
§(f(BO)IatM 8)2

In the VSA, using Eqs(32) and(33) we obtain the following
expression foBg to O(aay):

VSA

5
Bg — BY/SA =

o+ wrt+oy— gws)

—(wLD+ wND+ 2(1)1)5f|at,

S e

lat
4 g,

(36)

1+ 221
47|

where the term witth'Bat comes from theéD(aas) improve-

ments again. The coefficiens andE are given as follows:

PHYSICAL REVIEW D 60 034501

21 o) 14 2 d;+d,—d 1.1 +!
n e —3 " 3lditdymd)—ze—z(w+o)
+§(W+W|) , (37)
2
E=§[r(1—csw)ln(a2)\2)+U+U'+V+V']. (38)

In deriving Egs.(37) and (38), there are some cancellations
between the coefficients of theB=2 operator and the axial
vector current.

Now let us roughly estimate th®(aas) effect in the
BYSN numerically. Whenr =cg,=1 is chosen, we obtain
D=2 In(m/u?)—3.72 ancE = — 0.37. Using the data aff "
and the coupling constants as before, we find that the
(aay) effect for theBYSY is smaller than 1%. Of course
such a drastic cancellation would not take place in reality
due to deviations from the VSA, but at least the present
analysis suggests that there is a possibility of a significant
cancellation ofO(aay) corrections inBg . This is consistent
with the observation from previous simulations that there is
no clear cutoff dependence Bf;.

V. CONCLUSION

In this paper, we reported the coefficients of 1Béa)
operators which are newly induced@facs) in the pertur-
bative continuum-lattice operator matching of heavy-light
current and the\B=2 operator. We also roughly estimated
the O(aas) effect onBgf3 andBg using the VSA in lattice
hadronic matrix elements. Although t{aa,) effect is sig-
nificant in the determination ofz and BBfE, it seems that
the effect is not so foBg, at least, in this VSA analysis
because the cancellation between @ga,) effects in the
numerator and denominator works well. Therefore previous
works, which imply that there is no cutoff dependence of
Bg, seem to be consistent with our analysis. Now, however,
that theO(aas) improvement for thefg has been already
done, in order to calculat®g in a consistent way the
O(aas) operators should be included in the calculation. For
a precise determination, it is also required to include the
finite mass correction in both calculations of the matrix ele-
ment and the matching coefficients.
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APPENDIX A a3l

m

_ 2 2_ 1A
Here we show the wave function renormalization con- (4™ fw(zw)s 1m(13)A(23)[3+(3r DAY
stants for each external quark line in each theory,

1
(AP —2A83)+2r2APAD)

« A1 B (3)( A (32
Z"=1- —>C¢| A-In| —| - 5|, 12A57(A57)
4 I ,U«Z 2 )
—fﬁ(l—rz) - —,
r 2 2 3(1%)2 3
ag my m
Zg"=1- > Ce| A=In| = | =21In| 3| +4/,
™ol z A = AP 1
u':(4w)2r2f 3| 2AAD 1 ACH2
—n(2m)3 [ 48APAR  12(AP)

o
zZ8=1+ —4;CF[In(a2)\2) +f+f +ul@),
X (AP =248+ 2r2A AR

o
Zy'=z8=2}'=1+ —Ce[ -2 In(@®\?*) +e®)],
m = d¥l 1 1
V=(4’7T)2I’f PRV —E_—z
wheref, f', ande(® can be found in Refd:6,7]. In above -n(2m) 2 12A4(4)

equationsA=1/e+In(4m)—ye andul? is a perturbative co- X {11+ 208+2(r2= 1) A, ](1— A, +A@)AP
efficient of the tadpole improvement factor defined lny

=1+ a,Crul? . The coefficienu?) is obtained through cal- (3) o (3) s 2 A (3) 1 )
culation of the mean plaquette value or the critical hopping +(AF = 2857+ 2r° A A+ We(l_l )
parameter u®=—-x2 or u®=-[4.4259+8.432%
—4.861%,,], respectively.

= d4 3
v'=<4w>2rf 4 S{[1+2aP
APPENDIX B -m(2m)" [ 12A4(A3)
H ici i +2(r2=1)A JAP + (AP - 248+ 2r2APA )}
ere we show the explicit forms of the integrands gr 1124 4 5 4721
U', v, andV', which first appear irD(acy). For shorthand 1
notation, we define the following quantities: X(1—A+AP)— g 6(1—12)|.
‘ |
_ p2f e
Al_gl sz( 2/ APPENDIX C

Here we show the contribution from each diagram explic-

4 itly. In the continuum, each contribution is as follows:

Ap= D sirP(l,)+4r2(Ay)?,

=1
a V(ci)n:<oL>o,
3 I 2
AR = nZ(_“) as|10 10 [ A 11 ag
=2, s 5 ) V8= 12 4= 3 5| - (0o 528090
3 ag 167
A= 2 sinf(l,,)+4r2 (A2, " 2 3ax (Owolo:
=
4 4 [(m?) 2 (a2
3 ©_ | _ bl _ _
Veor=7—=| —3A+t 3In| = | —3Inl =] —5[{OL)o.
A= 2, Sirf(l,), o am| 37737 42) 3 (mﬁ) 3] (o
S | V@ as | e AZ) > (O
= — — — — n _ ] = —
(3= - el & con4q| 37 3 2| 3|\ o
AL #zl smz(lﬂ)smz(z). I “
where(a) corresponds to the tree diagrath) those with the
Using the above convention, gluon connecting the static and the light quarky, those
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connecting the static quark and the static antiquark, (@nd

those connecting the light quark and the light antiquark. AndV|at

on the lattice,

VE=(O0)o.

V&E’R=——[ In(a®\2)+d; (O )o+ 2[ dy+d']

. 10
X{On)ot P g[r(csw— 1)In(a®\?)—(V+V")]

X{OLp)ot +(U+U") (Onp)o,

So ™
47| 3an

1
ViR =2 3l—2In@\?)+c)O0o,

PHYSICAL REVIEW D 60034501
1 2y 2 |
§[4 In(a®\2)+ (v +0v"1(O)o

s 4
o 51— (W W) K Og)o. (e

The calculation is straightforward though slightly lengthy.
The full use of the equations of motion for the heavy and the
light quarks and of the identities foy matrices sometimes
leads to simplification, in particular for the derivation of
V@ We find that our result oP( is inconsistent with Egs.
(B.16) and (B.25) of Ref. [7] provided the sign of the nu-
merical values tabulated in Table 3 of this reference was
correct, which has been already pointed out in RS
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