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The B meson lifetime ratios are calculated to the order axﬁgl?n heavy quark expansion. The predictions
of those ratios are dependent on four unknown hadronic paraniter8,, ¢,, ande,, whereB, andB,
parametrize the matrix elements of color singlet-singlet four-quark operatots, amdle , the matrix elements
of color octet-octet operators. We derive the renormalization-group improved QCD sum rules for these pa-
rameters within the framework of heavy quark effective theory. The resultsBafem,)=0.96+0.04,
B,(my) =0.95+0.02,¢4(my) = — 0.14+0.01, ande,(m,) = —0.08+0.01 to zeroth order in fr, . The result-
ant B meson lifetime ratios are(B™)/7(By)=1.11+0.02 and7(Bg)/7(Bg)~1 in SU3) symmetry limit.
[S0556-282198)05223-0

PACS numbgs): 13.25.Hw, 11.55.Hx, 12.38.Lg, 12.39.Hg

[. INTRODUCTION (for a review, seg6]). However, the Ih2 corrections are
small and essentially canceled out in the lifetime ratios. The
A QCD-based formulation for treatment of inclusive nonspectator effects such #sexchange and Pauli interfer-
heavy hadron decays has been developed in past jeaBk ence due to four-quark interactions are of ordemétl but
According to the optical theorem, the inclusive decay ratesheir contributions can be potentially significant due to a
are related to the imaginary part of certain forward scatteringghase-space enhancement by a factor af?16As a resuilt,
amplitudes along the physical cut. Since the cut is dominateghe lifetime differences of heavy hadrons come mainly from
by physical intermediate hadron states such as resonancgf above-mentioned nonspectator effects.
which are nonperturbative in natura, priori the operator The world average values for the lifetime ratios of bottom
product expansiofOPE) or heavy quark expansion cannot hadrons aré7]
be carried out on the physical cut. Nevertheless, for inclusive

semileptonic decays, OPE can be employed for some (B7) .

smeared or averaged physical quantities. For example, by r(Bg) =1.07+0.03,

integrating out the neutrino energy, one can apply the OPE to

the double differential cross sectiatI'/(dg?dE,) by de- 7(BY)

forming the contour of integration into the unphysical region 50 =0.94+0.04, ()
far away from the physical cu#]. Therefore, global quark- 7(Ba)

hadron duality, namely the matching between the hadronic

and OPE-based expressions for decay widths and smeared 7(Ap) =0.79+0.05

spectra in semileptoniB or bottom baryon decays, follows 7By

from the OPE and is justified except for a small portion of

the contour near the physical cut which is of orderSince the model-independent prediction i\ )/ 7(Bg) to
Aocp/Mg. Unfortunately, there is no analogous variable toorder 1 is very close to unityfsee Eq.(2.7) below], the

be integrated out in inclusive nonleptonic decays, allowingconflict between theory and experiment for this lifetime ratio
an analytic continuation into the complex plane. As a resultjs quite striking and has received a lot of attent[@3-15].

one has to invoke the assumption of local quark-hadron du©One possible reason for the discrepancy is that local quark-
ality in order to appply the OPE in the physical reg{@&j. It ~ hadron duality may not work in the study of nonleptonic
is obvious that local duality is theoretically less firm and inclusive decay widths. Another possibility is that some had-
secure than global duality. In order to test the validity ofronic matrix elements of four-quark operators are probably
local quark-hadron duality, it is thus very important to have alarger than what naively expected so that the nonspectator
reliable estimate of the heavy hadron lifetimes within theeffects of order 1‘1‘72/mb may be large enough to explain the
OPE framework and compare them with experiment. observed lifetime difference between thg andB,. There-

In the heavy quark limit, all bottom hadrons have thefore, as stressed by Neubert and Sachrfjda, one cannot
same lifetimes, a well-known result in the parton picture.conclude that local duality truly fails before a reliable field-
With the advent of heavy quark effective theory and the OPEheoretical calculation of the four-quark matrix elements is
approach for the analysis of inclusive weak decays, it is reebtained. Contrary to the mﬁ corrections, the estimate of
alized that the first nonperturbative correction to bottom hadthe nonspectator effects is, unfortunately, quite model depen-
ron lifetimes starts at orderrf and it is model independent dent.

Conventionally, the hadronic matrix elements of four-
quark operators are evaluated using the factorization ap-

*Email address: phcheng@ccvax.sinica.edu.tw proximation for mesons and the quark model for baryons.
TEmail address: kcyang@phys.sinica.edu.tw However, as we shall see, nonfactorizable effects absent in
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the factorization hypothesis can affect themeson lifetime distance dynamics and phase-space corrections. The matrix
ratios significantly. In order to have a reliable estimate of theelements in Eq(2.2) can be systematically expanded in pow-
hadronic paramete®,, B, £, ande, in the meson sector, ers of 1, in heavy quark effective theofHQET) [17], in

to be introduced below, we will apply the QCD sum rule to which the b-quark field is represented by a four-velocity-
calculate these unknown parameters. After a brief review omlependent field denoted thf(x).

the status of the OPE approach for tBehadron lifetime In Eq. (2.2 CiX are functions ofc, andc,, the Wilson
ratios in Sec. Il, we proceed to derive in Sec. Ill the ¢cgefficients in the effective Hamiltonian
renormalization-group improved QCD sum rules for the pa-

rametersB; and g; and present a detailed analysis. Section sg—1 OF . "
IV gives discussions and conclusions. Het =E[VcbVUq(01(M)01(#)
Il. A BRIEF OVERVIEW +Co( ) O5(1))+ VepVeg(Ca(m)Of (1)
Within the heavy quark expansion framework, we will +Co(u)O5(u))+ - - -1+ H.c., (2.3

focus in this paper on the study of the four-quark matrix
elements of thd8 meson to understand the problem wigh whereq=d,s, and
meson lifetime ratios. Before proceeding, let us briefly re-

view the content of the theory. Applying the optical theorem, Oiz?y#(l— 'ys)bay"(l— vs5)U,
the inclusive decay width of the bottom hadrdiy contain- . .
ing ab quark can be expressed in the form O§=qyﬂ(l— vs)bcy*(1—ys5)u. (2.9

1 . i The scale and scheme dependence of the Wilson coefficients
I'(Hp—X)= e Im f d™%(Hp| T{i Lei(¥), Ler(0)}Hp), ¢, () are canceled out by the corresponding dependence in
b 2.1) the matrix element of the four-quark operat@s,. That is,
' the four-quark operators in the effective theory have to be

where Lo is the relevant effective weak Lagrangian thatfenormalized at the same scaleand evaluated using the
contributes to the particular final sta¥e When the energy Same renormalization scheme as that for the Wilson coeffi-
release in @ quark decay is sufficiently large, it is possible cients. Schematically, we can writ€Heg) = c(x){O(u))
to express the nonlocal operator product in Egl) as a  =C(#)d()(O)yec=C*(O)yee, Where the effective Wilson
series of local operators in powers ofrl/by using the OPE coefficientscieff are renormalization scale and scheme inde-
technique. In the OPE series, the only locally gauge invarianpendent. Then the factorization approximation or the quark
operator with dimension fourbidb, can be reduced to model is applied to evaluate the hadronic matrix elements of
- the operatorO at tree level. The explicit expression for
g(w), the perturbative corrections to the four-quark opera-
tors renormalized at the scale has been calculated in the
literature[18,19. To the next-to-leading ordéNLO) preci-
sion, we havd20J

mybb by using the equation of motion. Therefore, the first
nonperturbative correction to the inclusiBehadron decay
width starts at order 2.} As a result, the inclusive decay
width of a hadrorH,, can be expressed &%,2]

c$f=1.149, c§"=-0.325. (2.5
B GEmp|Verml? N

I'(Hp—X)= loo3  2m, C3(Hp/bb[Hp) Replacingc; by ¢ and usingm,=(4.85+0.25) GeV,

b (Me/my)?=0.089, |Vp|=0.039, Gg g,=0.366 GeV,

_1 = = ~ ~

Ho B gec,,G47b| Hy G, 20.381 GeV [21], G,,=0, Ke, 5,~Kx,~04
e 2 GeV’, Kg =1.02XKp g, [22] together with the nonlep-

5 m?2 tonic inclusive results to the next-to-leading ord28], we

find numerically

Hp| O |H
+> c§<“>M+O(1/mg> . (2.2
n

m; 2The effective Wilson coefficients given in ER.5) are derived

from c;(u) at u=m, to the NLO[12]. Nevertheless, it is not dif-
where Vi, denotes some combination of the Cabibbo-ficult to explicitly check the scale and scheme independencgof
. P eff__ eff
Kobayashi-Maskawa parameters argf reflect short- For example, the authors dfl9] obtain c;"=1.160 andc;
=-0.334 atu=2.5 GeV. Thereforecf‘"ff are very insensitive to
the chosernu scale, as it should be. It is known that the Wilson
coefficientc, at the NLO:c,=—0.185 in the naive dimension
Y1t is emphasized if16] that the cancellation of they, correc-  regularization scheme anth=—0.228 in the 't Hooft—Veltman
tions to the inclusive decay width occurs when it is expressed irscheme[18], deviates substantially from the leading-order value
terms of the running short-distance quark mass, e.g., thendss, c¢,—0.308 atx=my(m,). However, the resultam:gff is scheme
rather than the pole quark mass. independent and its value is close to the leading-order one.
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I's(B—erX)=(4.18129x 107 GeV, 1 _ _ fa me,
m(BqufﬂBq)E g °2
q

I's(Ap—erX)=(4.3212Hx 107 GeV,
_ f& Mg
I'(B)=T\.(B)+2.24 g (B—evX) 18 a

=(3.61'3%Hx 1072 Gev,

(Ap|OY_alApy=—

ry
2mAb

F(Ab):FNL(Ab)+2241—‘SL(Ab—>e;X)
=(3.65'32Hx 10713 Gev. (2.6)

L AT A= o B o)
2mAb< b| V—Al b>_ 2 3 2mAb

X(Ap|OY_alAp), (2.9

It follows that the lifetime ratios of tth hadrons are Wherequ is the Bq meson decay constant defined by

B~ — = .
B owm), (0[a,, ¥5b[Bo(P) =ife, P (210
7(Bg)

Under the factorization approximatioB;=1 ande;=0, and
7(Bs) —1.0005+ O(1/m3), (2.77  under the valence qu?rk approximatan:l [11]. -
7(Bg) To the order of Ih?, we find that theB-hadron lifetime

ratios are given by
7(Ap) 3
7By =0.99+0(1/my). (B o 2

—T(Bg) =1+(—185 VeV (0.043B,

Note thatr(Bg) here refers to the average lifetime of the two
CP eigenstates of thB; meson. It is evident that therihf)
corrections are too small to explain the shorter lifetime of the
Ay, relative to that of theBy. To the order of Ih, the
nonspectator effects due to Pauli interference ane — =
exchange parametrized in terms of the hadronic parameters 7(BY)
[11]: By, B,, &4, €,, B, andr (see below; may contribute

significantly to lifetime ratios due to a phase-space enhance-

ment by a factor of 162. The four-quark operators relevant

to inclusive nonleptoni® decays are

+0.0008,—0.61s,+0.17,),

7(BY) fg |2 .
=1+ —185 MeV. (—1.7X10°B;

+1.9x10 °B,—0.0044,
+0.005G:,),

T(Ap)
7(BY)

f 2
B

:0'99+(185 Me

OS/*A:ELYMqLE_'yMva

Od_p=bgra.qLbr, +0.0008,—0.15,+0.17,
_ _ (2.9 -
T%*A:bL)’,U,taquL’yMtabLi _(0014'|' 00193)I’] (211)
The above results are similar to that given[irl]. We see
that the coefficients of the color singlet-singlet operators are
one to two orders of magnitude smaller than those of the

where =[(1=* y:)/2]g and t®=\?3/2 with A\? being the e
GeII-MgRr’{h rrE:E\tricgsS.) F(])? the matrix elements of thgse four_color octet-octet operators. This implies that even a small

quark operators betwedd hadron states, we follofd1] to deviation from the factorization approximatias)=0 can

T4 p=bgtq.q, t?bg,

; WA have a sizable impact on the lifetime ratios. It was argued in
adopt the following definitions: [11] that the unknown nonfactorizable contributions render it
impossible to make reliable estimates on the magnitude of
the lifetime ratios and even the sign of corrections. That is,
the theoretical prediction for(B™~)/7(By) is not necessarily
larger than unity. In the next section we will apply the QCD
sum rule method to estimate the aforementioned hadronic
parameters, especialby .

f2 m
Bq

1 — . 5 By
K<Bq|OV—A|Bq>E—
q

8 By,

f2 m
Bq

1 a5 Bg
WBq<Bq|OS_P|Bq>ETBZ’

2

1 _ fgmg
_ Sq Fq

ZmBq<Bq|T3_A|Bq>= 8 €1,

Ill. THE QCD SUM RULE CALCULATION

In this section we will employ the method of QCD sum
rules within the framework of HQET. Since thequark is
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treated as a static quark with an infinite quark mass in HQETwhere t=3In(Q¥u?), Cr=(N2-1)/2N., and effects of
and since HQET is a low-energy effective theory, it is natu-penguin operators induced from evolution have been ne-
ral to regard the matrix elements of £g.9) as defined at the glected.

scalem, and to evaluate the corresponding hadronic matrix The solution to the evolution equation E@.2) has the
elements in HQET at a scale<m,. Indeed, it has been form

argued that the estimate of hadronic matrix elements of four-

quark operators using the factorization hypothesis for me- 8

sons and the quark model for baryons becomes more reliable (O) 9 o
0 4

0

if the operators are renormalized at a typical hadronic scale
[24]. In the sum rule approach, the correlation function -
the so-called Green functipnwithin the QCD framework, 27
can be expanded as a series of operaf@yu) multiplied

by the Wilson coefficient (—2w/u1,gs)/ ", wherew is  where

an external momentum flowing ifor oud the correlation

function andu is the factorization scale that separates the 3

long-distance parO, from the short-distance ong,. The (D1> O- ZT

| 9/(280)
( (3.3

D
1

m

O] 0o WIN

quality of the convergence of the OPE series is controlled by D.= =| 1 , (3.9
the value of the external momentum The factorization u Z0+T

scale u cannot be chosen too small, otherwise the strong 6
coupling constantrg would be so large that Wilson coeffi-

cients cannot be perturbatively calculated. Four-quark opera- ag(pm)
tors are sometimes renormalized at a typical scale chm' (3.5
~0.67 GeV, corresponding to the coupling constant S

al'(un)~O(1). However, such a scale is not quite suitableand g,= 4N, — 2n; is the leading-order expression of the
for the sum rule calculation. Instead we chogsel GeV as  g-function with n; being the number of light quark flavors.
the lowest possible factorization scale in the ensuing studyrhe subscripj in Eq. (3.4) and in what follows denotes the
After summing over the logarithmic dependenedn™  renormalization point of the operators. Given the evolution
(— 2w/ u) by the renormalization-group method, one obtainsequation(3.3) for the four-quark operators, we see that the
the nonperturbative quantitf(x) which can be extracted hadronic parameteR; ande; normalized at the scalm,, are

M

from the correlation function in the following form: related to that ap=1 GeV by
Ch(lgs(—2w))|[ a MY
X(M)Nz ol gS(n ))< S_(M) On(u), § E 9(20)
n o as(—2w) B; 9 3 Lm ” 0
@ NE b
i/, 4 8 0 1
where y, are the anomalous dimensions ©f, and y; the ° 27 9
anomalous dimensions of the currents appearing in the cor-
relation function. As noted above, the four-quark operators B 3
in Eq. (2.9 are defined at the scale=m;. In HQET where i g%
theb quark is treated as a static quark, we can use the renor- X 1 ) (3.6)
malization group equation to express them in terms of the — B+
operators renormalized at a scllgcp<u<my,. These op- 6 w=1GeV
erators have the hybrid anomalous dimensid&s-27 and
their renormalization-group evolution is determined by theand hence
anomalous dimensions in HQET. The operat®_, and
TI_4, and similarlyO%_ andT2_,, mix under renormal- Bi(mp)=1.5;(n) —0.41ei (),
ization. In the leading logarithmic approximation, the
renormalization-group equation of the operator pa,T) &i(mp)=—0.09B;(u) +1.07;(u),
governed by the hybrid anomalous dimension matrix réads 3.7
Ce -1 with u=1 GeV, where uses have been madeagfm,)
g(O) L (O) (32 0118 A{l=333 MeV, m,=485 GeV, m.=145
i T 2m | — 2N, 2N, GeV and
QZ
. | N | 4m 26, '”( '“AZ)
One of the off-diagonal anomalous dimension matrix elements in a(Q)=—= ——
Eq. (3.2 has a sign opposite to that obtained iri], but the final Boln Bo InQ
result in Eq.(3.6) is in full agreement with the results derived there. 0MAZ A2
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to the next-to-leading order wit;=51—3n;. The above The decay constarfi(x) depends on the scaje at which
results (3.7) indicate that renormalization effects are quite the effective current operator is renormalized and it is related
significant. to the scale-independent decay constighof the B meson

It is easily seen from Eq$3.3) and(3.4) that the normal- by

ized operatoD (or D) is simply multiplied byLZ’(Z'BO) (or

1) when it evolves from a renormalization pojatto another F(mp) =fgme. (3.13

point Q. In what follows, we will apply this property to

derive the renormalization-group improved QCD sum rulesNotice thatF in Eq. (3.11) is chosen to be normalized at the

for D; at the typical scalu=1 GeV. We define the new scalem,.

four-quark matrix elements as follows: To complete the aim of obtaining the matrix elements of
) four-quark operators, we apply the method of QCD sum

1 — W — qumBq 0 rules[28]. We consider the following three-point correlation
m(sqmj (1)[Bg)=—g—d"(n), (38  function:
q

where t_he superscrigt) denotes ‘(/—A) four-quark opera- HD]"i)(w@,):in dxdyéwu-xfiw'v-y
tors fori=1 and S— P) operators foii = 2, anddj(') satisfy xp
5 3 (0| T{[a() T ,h* (x)1D§"(0)
d'i i Ej _
I [T (I, (314
4o 1 . (3.9
#o\ gBite of the operatoD{" defined in Eq.(3.4), wherel' ,= v,7s.

However, this current interpolates not only the heavy mesons
Since the terms linear in four-quark matrix elements arewith quantum numbed®=0" but also that with quantum
already of order T3, we only need the relation between the numberd®=1". Therefore, we need to decompdsg into
full QCD field b(x) and the HQET fielch{’’(x) to the zeroth I',=I'4"—0v,I'"S, with I'2V=(y+v),ys for J’=1" and
; . — a—impu-xfp(b v(i) |
order in  1Mm,: b(x)=e ™" *{h{ )(g)+(9(1/mb)}. I'PS= 4, for I’=0". As a consequencé]”’]  is recast to
Therefore, in analogue to E¢2.8), we define the relevant ap
four-quark operators in HQET as ) AV b
I :(_ga touv )H (i) TULU II v(i) (315)
) — b) ap B B/ pt B Dt
Oy-_a=hyy’ Y,LQLQL?’”hf,L , i j
— where
g—Pzﬁ??)quthJtlg '

v

AV
b a b (_ga +vav )H v(i)
TQ/—A:W L)VutaQLQLV”tahf)L), B Aot

v

Tng:Wz;%)tHQLaLtahf,%)- (3.10 :izf dxdyéwv-xfiw’wy
The corresponding hadronic matrix elements of these four- % — AV (b) o(i)
quark operators are parametrized by (O[H{LaC)Tg"h, (X)]DJ (0)
F2(my) x[a(T5"hP(y)17}H0),

1 —
5(B(©)|0y_B(v))=—5Bi(w),

1 oY B F2(mp) Hg;i)—_izf dxdyder-xie'vy
v _ b v
2<B(U)| S_p|B(l))>— 3 2( ),

X (0| T{[a(x)T""*h{P (x)1D?"(0)

1 — — F2(my) GVITPSH® (V)T 0). _
In deriving Eq.(3.195 we have applied the relations
F2(my)

1 _
5(B)[Te_plB(v))=—g—e5(n), (31D

2 [ axayéer 1 OGO h 010 0)
where the heavy-flavor-independent decay conskrte- o
fined in the heavy quark limit is given by X[q(y)TPshP(y)17}0)=0 (3.17

(0[ay*ysh”|B(v))=iF (u)v*. 312  and
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izfdxdyéw*—““*me{aborP%ﬁkanﬂ”an

x[a(y)T5'hP (y)17}0)=0. (3.18

Note that only the correlation functidi”S is relevant to our

PHYSICAL REVIEW D 59 014011

case of the normalization of the Isgur-Wise function at zero
recoil, where the Borel mass is approximately twice as large
as that in the corresponding two-point sum r[28], in the
present case of the three-point sum rule at hand, we find that
the working Borel windows can be chosen as the same as
that in the two-point sum rule since in our analysis the output

purpose. It can be written in the double dispersion relatiorresults depend weakly on the Borel mass. Therefore, we

chooset,=t,=t. By the renormalization group technique,

the logarithmic dependenceln(2t/w) can be summed over

pv®
—pl

form
ds ds
H;jf(i)(w,w'):j J—

STwg' —w

(3.19

The results of the QCD sum rules can be obtained in the
following way. On the phenomenological side, which is the
sum of the relevant hadron states, this correlation function
can be written as

_ F(mp)F?(p)dj”
 16A—w)(A—o)

+..-, (3.20

PS
Hui(w,0")
J

where A is the binding energy of the heavy meson in the
heavy quark limit and ellipses denote resonance contribu-

to produce a factor lik¢ ag(u)/ ag(2t)]?. After some ma-
nipulation we obtain the sum rule results:

F2( mb)FZ(/'L) eZAIt( d;’_(”)

16 dy) .
ag(2t)
(i) L) o 1
o

3
OPE; — ;OPE, |

tions. On the theoretical side, the correlation functléRS | 4 : (3.23
can be alternatively calculated in terms of quarks and gluons —OPE; .+ OPE,
using the standard OPE technique. Then we equate the re- 6 "2 2
sults on the phenomenological side with that on the theoret-
ical side. However, since we are only interested in the prop¥/"€re
erties of the ground state at hand, e.g.,Baeson, we shall 1
assume that contributions from excited states the phe- OPE; _z_(opagpt,i i
nomenological sideare approximated by the spectral density W4 h
on the theoretical side of the sum rule, which starts from —
some thresholdésay, w; j in this study. To further improve OPE ~— %[ B (qgso- Gq>t(1_e*w1,j 1y
the final result under consideration, we apply the Borel trans- 1j 1 872
form to both external variables and w’. After the Borel
2
transform([ 28], N (asG >t2(1_e*w1,j me|
1 163
B[ si(w,0)]= lim lim ——(—w’)™?
j m—es nee MMM OPE,, =O(ay), (3.249
- “’—/, ficed ~ it €0 with
mt
d1m n 1) (@i oy 3
X @‘| (_w)r‘H—l % H;?(i)(w,w’), (OPE)zpt;i’j=§| J;) dSSze S/t?
2
329 x| 1+ 22 1—7+ 4l—ZInf)
. m\ 3 9 t
the sum rule gives
2a8| o-G
Fz(mb)Fz(lu‘) eix/tleix/tzd(i) - 1+ WS)<qq>+ w .
16 ]
(3.25

i j @i j _ ’
= JO dSJO ds'e (slty+s /tz)pQCD1 (322'

For reason of consistency, in the following numerical analy-

wherew; ; is the threshold of the excited states aiftf® is

sis we will neglect the finite part of radiative one loop cor-

the spectral density on the theoretical side of the sum rulgections in OPE, - and OPE _ [and in Eq.(3.28]. The pa-
Because the Borel windows are symmetric in varialiles rameter § in Eg. (3.23 is some combination of thes

andt,, it is natural to choosé;=t,. However, unlike the

014011-6
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and is numerically equal te-0.23. The relevant parameters . . ag(2t)) 3P0
normalized at the scal¢ are related to those at by (9590 - GQ)2=(gsqo-GaQ), ad )) ,
[31,29,32 sLp
as(u) 2y 2
a(2) 72/'301—57 (@G =(asG >;u (3.26
F(Zt):F(M)< ad )) 20
s\t _ g ed where(- - -) stands for0|- - -|0). In the calculation of the
™ correlation function, we have also used the fixed-point gauge
— aigg (the Fock-Schwinger gaupe”A ,(x)=0 with A, being an
(ag)=(qa) -(aS(Zt)> external gluon field. Under this gauge, the generalized quark
2t B\ ag(p) ’ propagator in the external gluon field reads

d*p

o ie® i
Sg(bin(O,X):f amie

n Y132 yag
ab o oH(ptmg)+(p+mg)o
p_ mq Z 2 gSG,uv(O)

(p?=mg)?

IGLOM L1, 1

ij
X, X,
2!

+:9%(0)qP(0): +Xx,,:g7(0)(D#qP(0)): + :g?(0)(D#D P (0)):+ -, (3.27

wherea and b are the color indicesi andj the Lorentz meson, so that all light quark fields in his correlators are
indices. purely left-handed. As a result, there are no quark-gluon
Let us explain the results obtained in Ed8.23 and mixed condensates as these require the presence of both left-

(3.24). OPE; is obtained by substitutingd?” by OV in  and right-handed light quark fields. Indeed, the gluon con-
' : densate contribution enters into the sum rule with an ad-

ditional factor of 4 in comparison with ours. Second, our
as the product of (OPE); ; with itself, which is the same results for OPE are very different from that obtained by
as the theoretical part in the two-poiR{x) sum rule[29—  Baeket al. [15]. The reason is that they calculated the full
31]. In the series of (OPI%)M'J-, we have neglected the HZi'“ [obtained by replacingjj”(i) by T in Eq. (3.14]
contribution proportional ta(qq)®. (More precisely, it IS rather than the pseudoscalar partlb} . Therefore, their
equal toas(qq)®m/324; see Ref[29]) Nevertheless, the re- (aguits are mixed with the"Lto 1* transitions. Also a sub-
sult of (OPE), in Eq.(3.24) is reliable up to dimension six, traction of the contribution from excited states is not carried
as the contributions from th@q)? terms in (OPE),;,; are  out in[15] for the three-point correlation function, though it
much smaller than the term ¢lag/m)%(qq)?/16 that we s justified to do so for two-point correlation functions. In-
have kepfsee Eq.3.25]. Note that in (OPEéi the contri- deed_, in the foIIov_ving_ analysis, one will find that after sgb—
bution involving the gluon condensate is proportional to thet_ractlng the contribution from excited states, the con';rlbu—
light quark mass and hence can be neglected. LikewisdO"S Of OPE are largely suppressed. Furthermore, as in the

OPE_ is the theoretical side of the sum rule, and it is ob-Study Ofl_thel_B meson def?ay constaf9], we find t_haththe
tained by substitutin@)]’(i) by TV in Eq. (3.16). To the order renormalization-group effects are very important in the sum

of dimension-five, the main contributions to Oglﬁre de-

T T
picted in Fig. 1. Here we have neglected the dimension-6
four-quark condensate of the typgl'A®qql'\?q. Its contri-

(a)

H[P),,S(i) [cf. Eq.(3.16] and it can be approximately factorized
J

bution is much less than that from dimension-five or
dimension-four condensates and hence unimpofta® 33] )
for similar discussions It should be emphasized that non-
factorizable contributions to the paramet&sarise mainly FIG. 1. The main diagrams contributing to OPHcf. Eq.
from the O’ — T operator mixing. (3.24]: (a) the contribution from the gluon condensate, dnythe

At this point, it is useful to compare our analysis with the contribution from the quark-gluon mixed condensate. (i the
similar QCD sum rule studies i33] and [15]. First,  mirror-symmetric diagram is included in the calculation. The
Chernyald 33] used the chiral interpolating current for tBe  double lines denote heavy quarks in HQET.

014011-7



HAI-YANG CHENG AND KWEI-CHOU YANG PHYSICAL REVIEW D 59 014011

rule analysis. Consequently, there is not much difference beyhich is A-free. Then using the resu(8.31) as input, the
tween the resulting values e ande,. Moreover,s; atu  thresholdw, in the F () sum rule, Eq(3.32), is determined.
=mj are largely enhanced by renormalization-group effectsThe result for w, is 1.25-1.65 GeV. A larger F(u
The value offF in Eq. (3.23 can be substituted by =1 GeV) corresponds to a larger,. The working Borel
window lies in the region 0.6 Ge¥t<1l GeV, which

gl 1- as(21) turns out to be a reasonable choi@&il]. Substituting the
FZ(M)efmt: “S(Zt)} m value of w, back into theA sum rule, we obtaim\ =0.48
as(u) 1_ 05l —0.76 GeV in the Borel window 0.6 Ge¥t<1 GeV.

This result is consistent with the choicen,=(4.85
+0.25) GeV, recalling that in the heavy quark limit,
% fwodsszes/ti =mg—m,. To extract thed’® sum rules, one can take the
0 m? ratio of Eq.(3.28 and Eq.(3.23 to eliminate the contribu-
tion of F?/exp(A/t). This means one has chosen the same
both in Eq.(3.28 and Eq.(3.23. Since quark-hadron duality
is the basic assumption in the QCD sum rule approach, we
expect that the same result &f also can be obtained using
, the A sum rules derived from Eq3.23 (see[37,32 for a
further discussion This property can help us to determine
(3.29  consistently the threshold in 3-point sum rule, £8.23.
Therefore, we can apply the differential operatte#in/dt to
which can be obtained from the two-point sum rule approachyyin sides of Eq(3.23, thed”® sum rule, to obtain nevk
[3?131'2?- For the ntggegrlcal analysis, we use the following ym rules. The requirement of producing a reasonable value
values of paramete|$2,34 for A, say 0.48-0.76 GeV, provides severe constraints on
<EQ>M:1csev: — (240 MeV)3, the ch0|c_es _ofwi'j . With a gareful study, we find that the
best choice in our analysis is

3t g 2

[ a5(2t)(17 4772 s)
x| 1+ —

T

1+

2a4(20)| — . (qgso- GOy
><QQ>2t+ T

v

2 =
(sG?)u=10ev=0.0377 GeV, wi 1= —0.02 GeVr wy,

<qgso',u.,,G'“Vq>p,=1GeV:(0-8 Ge\’Z)X<EQ>,u.=1GeVa w1,2:_0-5 GeV+ wy,
(3.29
as input and neglect the finite part of radiative one loop

corrections. Since in our conventidd,=d,—igsA, , we A : : cy

— o= . k pplying the above relations witlvg=(1.25~1.65) GeV
hhaveﬁlgslgqu)—mo(qlq). I?I]egt, n orde(; to determm?h the ong substitutingF (u) in Eq. (3.23 by (3.28, we study
eSO e oy he meson deca constaf . numercal thed ) um nes. n Fig 2 we it ang
RS &’ as a functiont, where B? =8d3(/9+2d5(/3, and &’

calculation[35] and the relatiori36] i 0 0 .
=—4d]"/27+8d5'"/9. The dashed and solid curves stand

( (0.8~1.1) GeV for Bl and &/, respectively, where we have usetl

(1)2'2: —-0.22 GeW wq. (333

fg

, =1.4 GeV [the corresponding decay constantfig=175
33 ~195 MeV orF(u)=0.405-0.005 GeV?]. The final re-
(3.30 sults for the hadronic parametes and¢; are (see Fig. 2

that takes into account QCD andhi/ corrections. Using the v _
relation betweerF(m,,) and F(«) given by Eq.(3.26 and Bi(u=1 GeV)=0.60+0.02,
mp=(4.85+0.25) GeV, we obtain

:F(mb)< - z ag(mp)

Jme 13w

my,

%(w=1 GeV)=0.61+0.01,

F(u=1 GeV)=(0.34-0.52 Ge\f2  (3.3)
# ej(u=1 GeV)=-0.08:0.01,
Since theA parameter in Eq.3.28 can be replaced by the .
sum rule obtained by applying the differential operator e3(u=1 GeV)=—0.024-0.006. (3.39
t2glIn/at to both sides of Eq(3.28), theF (w) sum rule can be
rewritten as

2 Ty ; 4For comparison, the sum rule results obtained1f] and [33]
F*(p)=[night hand side of £q.3.28 ] are £°"S(u)=-0.041+0.022, £5"°(4)=0.061+0.035 [15]
J _ ande§(u)~—0.15, £5(u)~0 [33], respectively, withu being a
xex tﬁ'”[”ght hand side of Eq(.3.28]|, typical hadronic scale~0.70 GeV. Note that the definition of
B;(x) and g;(n) in [15,33 is different from ours by a factor of
(3.32 F2(my)/F?(w), that is,eB"5C(w) = &;(u) X F2(My)/F?(w).
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=]
<]

to the order of Ih3. Note that we have neglected the cor-
rections of SWU3) symmetry breaking to the nonspectator ef-
_____ fects in 7(Bg)/7(By). We see that the prediction for

----------------------------------- - 7(B7)/7(By) is in agreement with the current world aver-
age: 7(B7)/7(By)=1.07+0.03 [7], whereas the heavy-
quark-expansion-based result for(Bg)/7(By) deviates
somewhat from the central value of the world average:
0.94+0.04. Thus it is urgent to carry out more precise mea-
surements of thé3 lifetime. Using the existing sum rule
estimate for the parameter[10] together withB=1 gives
7(Ap)/ 7(By)=0.98. Therefore, the mﬁ nonspectator cor-
rections are not responsible for the observed lifetime differ-
ence between tha, andBy.

e (u= 1 GeVY)

1GeV) or

By (u

—
ja)
=
—

o
]

IV. DISCUSSIONS AND CONCLUSIONS

The prediction oB meson lifetime ratios depends on the
nonspectator effects of order &@mﬁ in the heavy quark
expansion. These effects can be parametrized in terms of the
0.4 hadronic paramete8,, B,, &;, ande,, whereB; andB,
characterize the matrix elements of color singlet-singlet four-
quark operators and; ande, the matrix elements of color
octet-octet operators.

As emphasized if12], one should not be contented with
0 the agreement between theory and experiment for the life-
time ratio 7(B7)/7(By). In order to test the OPE approach
for inclusive nonleptonic decay, it is even more important to
calculate the absolute decay widths of tBemesons and

FIG. 2. BY(x) ande’(u) as a functiort, whereB?=8dy(jg ~ compare them with the data. From E¢®.6) and(3.395 and
+2dg(i)/3, and s! = _4dg(i)/27+ 8d;(i)/9. The dashed and solid considering the contributions of the nonspectator effects, we

& (u= 1 GeV)

or

Bo (u= 1 GeV)

0.4 0.6 0.8 1 1.2 1.4 1.6
t (GeV)

>

curves stand forB{ and ¢{, respectively. Here we have used obtain
wy=1.4 GeV and Eq(333) Ftot(Bd)z (361tégi)>< 10*13 GeV,
The numerical errors come mainly from the uncertainty of
wo=1.25~1.65 GeV. Some intrinsic errors of the sum rule
approach, say quark-hadron duality @ corrections, will
not be considered here.

Substituting the above results into E§.7) yields

To(B7)=(3.34 339 x 10713 GeV, (4.2

noting that the next-to-leading QCD radiative correction to
the inclusive decay width has been included. The absolute
decay widths strongly depend on the value of thgquark
mass.

The problem with the absolute decay widtl(B) is inti-
mately related to th& meson semileptonic branching ratio
Bg, . Unlike the semileptonic decays, the heavy quark expan-
sion in inclusive nonleptonic decay & priori not justified
due to the absence of an analytic continuation into the com-
plex plane and hence local duality has to be invoked in order

B,(my) = 0.96+ 0.04+ O(1/my),
B,(my) = 0.95+ 0.02+ O(1/m),

81( mb) =—0.14+0.01+ O( 1/mb),

£2(Mp) = —0.08+0.01+ O(1/my). (339 o apply the OPE directly in the physical region. If the
shorter lifetime of the\ , relative to that of theB; meson is
It follows from Eq. (2.11) that confirmed in the future and/or if the lifetime ratio
7(B") 7(Bs)/ 7(Bg) is observed to be different from unity, then it is
=1.11+0.02, very likely that local quark-hadron duality is violated in non-
7(Bq) leptonic decays. It should be stressed that local duality is
exactin the heavy quark limit, but its systematicni4 ex-
7(Bs) _ pansion is still lacking. Empirically, it has been suggested in
7(Bg)
7(Ap) fe 2 = SFor example, the neutr& meson lifetimes are measured at CDF
7(By) _0'99_(185 MeV) (0.007+0.02®)r, to be [38]: 7(By)=1.58+-0.09+0.02 ps and7(Bg)=1.34"5%
(3.36 +0.05 ps.
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[9] that the presence of linearmy correction, described by Of course, whether this empirical ansatz truly works or
the ansatz that thb quark massm, is replaced by the de- whether it can be justified in a more fundamental wsge,
caying bottom hadron massy; in them; factor in front of ~ for example[39]) remains to be investigated. Nevertheless,
all nonleptonic widths, will account for the observed lifetime 't IS Worth emphasizing that, although a lineamg/ correc-

: o tion to the inclusive nonleptonic decay rate is possible
difference between th&, andB,. To be specific, the ansatz C ) :
FNL_’FNL(me/mb)S will lead to the resul{12]: [40,41], the violation of local quark-hadron duality does not

necessarily imply the presence ofy terms in inclusive
widths and hence the aforementioned ansatz.
7(Ap) ~0.76 7(By) —0.94 4.2 To conclude, we have derived in heavy quark effective
7(Bg) Cor(Bg) ' theory the renormalization-group improved sum rules for the
o o o . hadronic parameterB;, B,, £;, ande, appearing in the
This simple prescription not only solves the lifetime ratio matrix element of four-quark operators. The results are
problem but also provides the correct gbsolqte plecay widthg, (m,)=0.96+0.04, B,(m,)=0.95-0.02, &,(my)=
for the A, and theB mesons. The predicted lifetime hierar- —0.14+0.01, ands ,(m,) = — 0.08+0.01 to the zeroth order

chy in 1/m,. The resultant B-meson lifetime ratios are
7(B7)/7(Bq) =1.11+0.02 andr(B)/ 7(Bg) ~1.

T(Ap)>1(E,)>1(ED) > 7(Q) (4.3
for bottom baryons is in sharp contrast to the OPE-based ACKNOWLEDGMENTS
lifetime pattern[12]: This work was supported in part by the National Science
Council of R.O.C. under Grant No. NSC87-2112-M-001-

m(Qp)=1(Ey)>7(Ap)=7(ED). (4.4  o48.
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