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The lifetime of theB. meson is estimated by means of consistent considerations of all of the heavy mesons
(B°,B*,Bs,D% D*,D,) and the double heavy mes8 itself as well. The framework, where the nonspectator
effects for inclusive decays in terms of the optical theorem are taken into account properly, is adopted, and the
parameters appearing in the estimate are treated phenomenologically by global fitting all the existing data for
all the heavy mesons. In this estimation, special attention is paid to the masses of the heavy flavors and the
bound-state effects as well. The present approach to the problem is meaningful because the numerical results
show that the lifetime of the mesdy, can reach to the center value of the experimental observation. Because
of the interference between the terms of the QCD correction from penguin diagrams and the maijOgnes
¢,0,, the total width of the mesoB. is enhanced by a factor about 3—-4% that is different from the other
heavy mesons and can be tested experimentally in the future.
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[. INTRODUCTION and one may do it in terms of the optical theorem so it is
comparatively “easy,” due to the “duality” for quark and
Recently the mesoB, has been observed by the Collider hadron states:
Detector at FermiladCDF) Collaboration at the Tevatron
[1], so careful and further studies of tBe meson are moti-
vated very much with this fresh reason. It is known tBais IE] |ai.95)(ai.9j = ; [ (hl,
the meson of the ground state of a double heavy flavored
system with ac quark andb antiquark (there is no light
flavored quark involved and its decay should be either
through the decays of each componémtheavy flavor, or

wherehy, g;, andg; denote hadrons, quarks, and gluons,
respectively, and, for an inclusive process the optical theo-

A rem, being applied to the level of hadrons, can be turned onto
through the annihilation of the two componer@ao heavy the level of quark-gluons, so that the estimate can be made

flavors, that is very different from the heavy mesons ., ihe quark-gluon level. As a result, one can avoid certain
B,Bs,D, andDs, etc. Of the decays, the contributions from gty ities from the hadronization in the final state. In gen-
the two componentsh( quark andc quark individually to  eral, the hadronization from quarks into hadrons, being of
the total width happen to be comparable each other imonperturbative nature, is attributed to evaluate a relevant
amount. So it is accessible in future experiments that witthadron matrix element, which cannot be handled reliably so
the mesorB, one may investigate the two different heavy far.! Now when the optical theorem and the “duality” are
flavors simultaneously. Especially, certain decay mechaapplied, the problem will be “solved” in part: the nonper-
nisms inB, decays play a similar role iD decays and3  turbative part in the final state of the decay may be summed
decays; so some parameters appearingJrdecays should by the theorem, i.e., the calculation of the part of the final
be the same as those Bhdecays or irD decays. Therefore State may be completed totally at the quark-gluon level, so
when estimating th&, decay, we may rely on the consistent only those nonperturbativéadronizatioh parts in the initial
considerations and phenomenologically use the experimentatate are left to be dealt with. Thus in the studies of the
available data ob°,D*,D¢ decays an®®,B~,B, decays as lifetime and the other inclusive processes with this approach,
input to determine them. Obviously in this way the estimateone may pay more attention to the decay mechanisms and
for the B, lifetime should be comparatively reasonable. Thethe “hadronization™ in the initial state.
mesonB, certainly can be used to test the approach for the TO estimate the lifetimes and inclusive decays for the
estimates of the lifetime and the inclusive leptonic decaysheavy flavor, first the effective Lagrangian with QCD correc-
and it will be an independent complement to the heavy metions should be known; here we adopted that as in Refs.
sons:B mesons and mesons for study of the two heavy [2—4]. With the effective Lagrangian foc and b decays,
flavor b andc decays. Furthermore, the mesBpnhas unique
advantages, if one carries on a comparative study of the two
heavy flavorsh andc, since one may do it simultaneously in - 4 principle the lattice gauge simulation might deal with the non-
a meson. perturbative effects as well as one wishes if the power of computers
There have been quite a lot of studies of the lifetimes ofwere infinitely strong, but in practice the computer ability now still
the meson®, B, andB, as well[2—-13]. The reason in part is at quite sizable “distance” to obtain sufficiently accurate results
is that a lifetime estimate is to calculate an inclusive procesdpr calculating such hadron matrix elements.

0556-2821/2001/64)/01400314)/$20.00 64 014003-1 ©2001 The American Physical Society



CHANG, CHEN, FENG, AND LI PHYSICAL REVIEW D64 014003

phenomenological analyses dd meson lifetimes and them each other. We also pay attention to the bound state
B-meson lifetimes have been made in H&i. Generally for  effects and use a parametrization which is a bit different
all the heavy meson decays, the contributions can be decorfrom that of Ref[17] to account for the effects on the mass
posed into three categories: the dominant one, i.e., the direéf the decaying quarksee the text below for detajls

decay of the heavy quark with the light quark inside the The relation between the pole mass and the runhB8go
heavy meson being as a spectatihis contribution is very one loop level reads
sensitive to the heavy quark mass, i.e., proportionad@;

the nonspectator one frord/ annihilation (WA) [or ex- o 4 aym)
change(WE)], and the Pauli interferend@l) one[3]. The m=m(m)< 1+ — s—)
parameters appearing in the formulas for the lifetimeqare 3

the quark massesb) the matrix elemen{0|J,,s|M s_,g,0))

relating to the decay constant) the relevant nonfactoriz-

ability parameterg3], etc. All the parameters are not well

known, or say their precise values are not calculable, except

some of them may be fixed phenomenologically by fitting 127

data. A=z @
In the present paper, in order to have an estimate of the (33—2nf)ln—2

lifetime of B, which may be better than before, we will A

take a “consistent” view of the parameters appearing in 5 .

the estimates of the lifetimes for all of the heavy mesongVith as(m;)=0.118[14]. The running mass runs as

D,Dg,B,Bs and those for the mesoB., thus we fix the

parameters folB, meson by fitting the available data for

()

where the running coupling constagat leading logarithm
level) is

the lifetimes and the inclusive semileptonic decays of the — o m

heavy meson® and B. In particular, we would like to m(Q%) = 1 Q2 dm’ S
see the consistency of the approach for the lifetime estimates (EIn —2>

and the study of the inclusive leptonic decays, namely, to A

estimate the lifetime of the mesd\,. with the parameters
which are fixed phenomenologically by fitting the available Wheredy,=12/(33-2ny).
existing data for the other heavy mesons. Here we also try to For the lifetimes ofB and D mesons, the contributions
discuss some effects and uncertainties of the estimate as pdssm penguin terms of the effective Lagrangian generally are
sible. not important[4] because of the smallness of their coeffi-

In the literature, to obtain a comparable value for lifetimecientscs- - - cg. But as pointed out in Ref19], the penguin
and inclusive leptonic decays with the experimental one, theontributions to the charmless decaysBmesons are not
charm quark massy, appearing in the estimate f&r andB  negligible. The reason is that for those modes the main con-
decays takes different valu¢8,15]. We think it is reason- tributions(since they are not zero even at tree level, thus we
able if considering the renormalon and bound-state effectsyill call them “tree parts” as in most literature later pwill
since thec-quark mass appears in different situations: in thesuffer a cancellation;+c,/N.) or (c,+¢,1/N¢), and the
initial state forD decays but in the final state f8rdecays. In  “tree part” ¢;0,+¢,0, does not contribute, thus the pen-
general, for the quarkantiquark in the parent meson of a guin contributions become important. As for tBg meson,
concerned decay mode, the mass should be close to itke problem has not been investigated very carefully yet. In
“pole” value if some bound-state effects are ignored,the earlier papef9], for instance, the lifetime oB. was
whereas, for the masses of the product quéakiquarks in estimated, though there the bound state effect was carefully
the final state of an inclusive process, it is reasonable to takkandled in terms of the Bethe-Salpeter equation; the penguin
the relevant running masses to avoid the renormalon andontributions from the effective Lagrangian were ignored.
bound-state effects with the duality for hadrons and quarkRecently, Beneke and Buchallal] presented an evaluation
gluons mentioned at the beginning. Furthermore, the runningf the B, lifetime, where they also ignored the “penguin”
energy scale of the running masses should be taken at therms. In fact, for the spectator mechanism, the contributions
mass of the decaying quaifor mesons for WA and PI  from the penguin terms iB decays have been estimated by
Indeed, this problem is somewhat subtle and causes substaBaganet al.[7], and their results show that only a few thou-
tial theoretical uncertainties. In the earlier estimates for insandths of changes are made, so in general we can neglect
clusive processes, the quark decays are considered only asliem altogether. However, for the WA and Pl termsBgf
the quark is “free.” In fact, the bound-state effects on thedecays, the operators induced by the penguin diagrams are
effective mass of the heavy quark should be taken into aCs® .c,0; which contain terms gbi)(cic;) and b))
count. Namely, the heavy quark effective mass, appearing '9<(€o) wherei i lor indi .

. ) i) ,j are color indices, so the interference of

the formulation, should deviate from the pole value by aNipe / enauin diadram with the tree part
amount corresponding to the binding enef$—18. In our peng 9 P
work, we take the pole masses and the running masses prop- (ree) e = — — —
erly as mentioned here and use one-loop formular to connect Left = VeoVed C1CLY,0LS v CL+Cos y,bLe v¥e, ]
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makes substantial contributions. NamelyBimndD decays,
the penguin contributions, being proportional fig|? or ['(Ho—X)=
Icicil(i,j=3~6), are small4], whereas, in som&, de-
cays there may exist the interference terhe$c,| and - (H |6iaGQ|H )
|cic,|, which are not so small, so that the interference may X [ c3(HolQQ|Hg) +ca Q 5 Q
bring up a few percents of corrections in lifetime. Indeed our Q
numerical results show that the interference can make a
change in lifetime oB, so large as 3—4 % of the total.

In the paper with the approach described here, we
reestimate the lifetime, the branching ratios of the semi-
leptonic and pure leptonic decays for the me®yy and +(’)(1/mg)]. (5)

GEm3
19278

IV(CKM)|?

6,

+2i X <HQ|(QFiQ)(3quQ)|HQ>

e}

expect to gain more knowledge about decay mechanisms
and QCD corrections foB, meson. The paper is organized

as follows: after the introduction, we present a useful formu- Here only the heavy quarkb(c quark decays are con-

lation in Sec. Il, and give the numerical results and the.arned. For the spectator components of the heavy meson

concerned phenomenological parameters in Sec. Ill, thefecays, the other flavor in the meson remains as a spectator.

we draw conclusions and put discussions into the last seqs¢ 4o B.-meson decays there are two possibilitieslecays

tion. For convenience, we collect some useful formulas ir\/vith the ¢ quark as a spectator, ard decays with the

the A iX. — . S .
e Appendix b-quark as a spectator. Furthermore, in principle, in each

spectator component there are two components: the semilep-
tonic one and the nonleptonic one as follows:

II. FORMULATION
~In this section let us describe the mechanisms for the life- T(b—c)= > Tpocpt > Ty oo (6)
times of the meson®, B, andB., etc., and present useful I=epu,7 q=u,ds.c

formulas for later numerical calculations.
for b decay and

A. The spectator components and the contributions
from bor ¢ decays Fe=9)= 2 Tegit 2 Tesg (7
I=e,u g=u,d,s
In terms of the quark-hadron duality and the optical theo-

rem, the “full” inclusive decay width(the lifetimg of a for ¢ decay. As for the concernel, meson, as a double

atec 1o the abSorpive par of the matrx Slemen for for. 1224 Meson. s o componesuark ands quark, each
) - plays the decay role and the spectator role once in turn, so
ward scattering” operator. both of Eqs.(6),(7) as the spectator components make con-
tributions toB, decay.
The semileptonic and nonleptonic decay rates of lthe
1 4 A quark up to order mﬁ have been evaluated by many authors
IF(Ho—X)= m'mf d*x(Ho|T[Hg) [2,10,23. Since in our numerical computations later on, we
Q will use their formulas, we quote the relevant useful formu-
1 . las in Appendix A. Forc—s, the formulation is similar
= 5 (Holl'[Ho), (4 (even simpler, we include the relevant useful formulas in
My :
Q the Appendix also.

where B. The nonspectator components irD and B meson decays

The nonspectator contributions are crucially important to
theD inclusive decays. For instance, the PI contribution may
explain the data whyp+~27p0, but 75+~ 7g0. The penguin
contributions inD(Dg) andB(B;) decays may be negligible
as aforementioned, but the bound state effects emerge. To

) ) . o determine the nonfactorization effects well still is an open
and L is the relevant effective Lagrangian which is respon-proplem.

T=T{i Len(X), Len(0)},

sible for the decay. For the concerned final stateith d(gs- With straightforward calculations, the precise operators
ignated quark-antiquark combination and up to ordengl/  for the nonspectator contributions may be obtair@y For
we have theD(D) decays,
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2

2
mp
FWA(DO) == I‘O"7nspecmz (|Vcs|2|vud|2+ |Vcd|2|vus|2)(1 X+)

(oh X
+201c2+ Nc2 1+ —

2 Bl_(1+2X+)BZ

+2c3

} I‘077ns,pec 2|Vcs|2|Vus| v1-4x,

X4
(1+ 7) El_(1+2X+)62

+2clc2+ ch
X[<1—x+>81—(1+ZX+>Bz]+2ci[<1—x+>el—<1+ZX+>ez]},

2
ps
FP'<D+>=Fonnspec—m2|vud|2<|vcs|2(1—x_>2+|vcd|2>-[(ci+c§><81+6el>+6c1c281],
C

CZ
+ 2ciCo+N c1

mp
FWA(D;)_ F07]nspecm |Vcs| |Vud|

C

(51—52)+2c§(el—ez)]

m2

1—‘077nspec |Vcs| |Vus| 1- X+)
mc
2

ps
FP'(DD=Fonnspecﬁ|vus|2<|vcs|2<1—x_>2+|vcd|2>[<c%+c%><81+6el>+6c1c281].
C

2

3 +2eict Nc3

X
1+7)Bl—(1+2x+)54

+2¢5

X4
1+ 7) El_(1+ 2X+)62

. GEmZfg mp_ , m2 \?
P(D; )= —— 2 Ved?| 1 2| ®
|
where gw f3 Mo,
2 <Dq|T,w|Dq>— 8 €1,
GZm; e 167 fo Mo,
BECC A m prp” f5,Mo,
— Zm% <Dq|o?w|Dq>E 8 BZ!
m a
Xi=—, P+=PctPy, >
P p“p” f5 me
- om 3 (Dq|T |D0|)——8 €, (10)
m Pq
X_=—, P-=Pc—Pq- 9
p- where
IIn the equations, the hadronic parameters are defined as fol- OfLV:Eyﬂan’yVLC,
ows:
- T9,=cy,T?Lqqy,ToLc, (11)
wy D, ''D
g <D |0%,IDg)= q8 'B;, with T#=X\?/2 and\? being the Gell-Mann matricegb) For

the B and B¢ decays,
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rWABS) =T V21— +2 +N 14258, — (1422.)B
(By)= Onnspect ud|( z,)? C1C2 Cz 2 ( z,)B;
z
+2¢3 (1+7+ e—(1+2z.)e, ] Lo MnspedVed 21— 4z, +2c1c2+N02
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2

X[(1—2+)Bl—(1+22+)Bz]+ZC§[(1—Z+)61—(1+ZZ+)€2]],

2

_ P-
FPI(B ):Fonnspecﬁ(l_Z—)z[(ci_‘_cg)(Bl'l'661)+6010281]-

B
TYA( Bg) =-Ty nnspe‘LVus|2(l_ Z+)2{

Zy
1+ — €1—

+2c¢? 5

X[(l_z+)Bl_(1+22+)Bz]+ZC%[(1_2+)61_(1+22+)52]]-

where
2
G,Z:mg Ve 2 16 fg mB
0= cbl »  7nspec” ? )

19273 P mg

me m; o om;

Z,=—F5, Z.=—F=—"-—.
2 2 2
Mg P (Ppb—Pw)

q

Similar to the D meson,
B,,B,,€1, ande, are defined

g/-"V fé mBq
<Bq|OMV|Bq>_ 8 Bl'
g/U/ f mB
<Bq|TMV| BC]> 61!
2
pMpV f mBq
zmg <Bq|ogy|Bq>E BZ!
q
v f2 m
p*p By Bq
5 (By|T.IBg)=—g— €2,
B

q

where
O},=by,Lqqy,Lb,

T9,=by,T%Laqy,T2Lb.

(1+22,)e,

c? z
1 +
N+2clc2+Nc§ 1+ —|B;—

5 (1+22,)B,

—+2CqCrt+ ch

] FoﬁnspecLVcs| V1= 4Z+{

(12

C. The nonspectator components irB. decays

As pointed out above, the spectator contributions to the

B, lifetime should be a sum of those framandc individual
decays

ectator
l“ spectator_ 1“ gpectatoq_ F%p a , (16)

(13
wherel'§P*and " *P*“**are the same as they areBrand

D decays, respectlvely, and given in E¢®),(7). Now let us

the hadronic parameters deal with the nonspectator contributions which are different

from those inB andD decays.
To estimate the nonspectator components inBhele-

cays, let us write the relevant effective Lagrangian precisely

here:

AC 1 4Gg * oyl -
(n= mc)——fVcsVud{Cl(M)(SmLC)(UV“Ld)

+cy(m)(uy,Le)(sy Ld)}+H.c., (17)

and

LAB 1( _ _ 4G

M_mb)__ﬁ Vep

+Vid(Ca(u) O +Ca(1)03)

+ > Tm

l=e,7,u

Vig(C1(m)Of+co(u)03)

(14)

L vgfy”Lb
6

+V:Si23 C;O;

+H.c., (18

(19
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where the operators are OGZ;i'Y,uL bjgj Y*RG , (19
O$=sy,Lccy Lb,

andc;(i=1,2, . ..),denoting the Wilson coefficients, due to
QCD caorrections, will take the same values as those in Ref.
[4]. Here we consider the nonspectator componentBn

OY=dy,Lucy*Lb,

O3=s; YulCiCiy LDy, decays by two steps. The first step is to compute the relevant
. = _ operators up to the ord@(l/mé) and then to evaluate the
Oy=d;y,Lujc;y“Lb;, contributions precisely.

— & P
Oz=sy,Lbcy L, 1. Pauli interference (PI) operators

O4=s;7,Lbjc;y"Lc;, The Pauli interferencePl) operatorsl'he, and T5L i
o o which correspond to the nonleptonic decay induced by the
Os=sy,Lbcy*Rc, tree part and penguin, respectively, are given by

.o 2GE ) L
r —T|Vcb|2|vcs|2(1—z_)2p_~{20102~b'yﬂLc'cW“Lb'+(cl+c2)><b'yMLc'c'y“Lb'},

tree”

[P ZG'% 2 2 242 n il j
l_‘penguin: T|Vcb| |Vcs| (1—2)"pZ -{(2c1C3+2CyCs+2C5C4) - b '}’p.LC cly”Lb
o . G2
+(c3+ci+2c.c4+ 2¢,C3)-b'y, Leicy Lb'}+ 3—;|vcb|2|vcs|2(1—z,)z-{(l—z,)pEgMV+2(1+ 2z_)p“p”}

o — = - G _
X{2C506' bly,uLbJCJ vad +(C§+Cé) : bl ’)//J,Lblcl YVRCJ}_ 7F|V0b|2|vcs|2(1_z—)2mcpa

X{[€oCe+C3Ce+ C1C5+ CyCs ][Iy LeiCly, LI+ by, y,RECTy*LDI ]+ [ CoCs+ C3Cs+ C1Ca+ C4Ce]

X[H'y”Lcja'ya'yMLbi+g'yM7acha'y"Lbi]}, (20
where
m;
2= P-=Pp—Pc. (21)

2. Weak annihilation (WA) operators

The weak annihilation operators dr e‘;, f‘g\éﬁguin andeA(Bc—> Tv,) Which correspond to the nonleptonic decay induced

by the tree part, penguin, and the pure leptdifit) decay, respectivel§.

zZ
1+~ |pig"'— (1+22,)p4pt

. 2G2
Fyee=~ 3 |vcb|2|v65|2(1—z+>2~{
X{(Nci+2¢c,Cy)-bly,Lc'cly,Lbl+c3-bly,Leicly,Lb'}, (22)

2Because of helicity suppression, the decBys-|(e, )+ v are neglectable for the lowest order estimate of the lifetime; thus we do so
here.
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. 2G2 z,
F\é\éAnguin:_¥|V0b|z|vcslz(l_z+)2 1+? pigﬂv_(1+22+)plf-pi

X{(NC3+2NC1C4+2C5C4+2C1Ca+ 2C,C4) - by, Lecly, Lbi+ (c5+2¢,¢5)-bly,Lcicly, Lb'}
465 Vel 3| Ved 2(1 2p2[(NG2+2 b'REcILbi+c2-b'RACILD
+T| cb| | csl( =z, ) pil( C+ CsCe) - C +Cg- cc ]

2
2 _ - .
+ Tlvcb|2|vcs|2(1_Z+)2mcpli{[NC6(Cl+ C4)+Cs(Cy+Cy)+Co(CatC3)]-[b'RCC y,Lb!

+bly,LccILbI ]+ (c C5+CaCs) - [DRICTy, Lb +b'y,LcicILb}, (23)
. 2G2 z,
[WABe— v, = = 53— Veol((1-2)%) | 1+ 5| phg*— (1+2z,)p’p! (24
XFyMLCiay,,Lbj,
|
where the parameters, , z, , andz, are defined by 1 fg Mg
= (BOS_,|Bo)=—=—B
P+=Pp+ Pe, 2Mp VoA g T
m;  m;
z2,=—= , 2
p: Mg, 1 . fs Me,
m<5c|057p|3c>5 —g B2
2 2 c
m m
z=—=—. (25)
Pl Mg, .
—<B |TC |B >E BC_BCE
3. The contributions from the nonspectator WA and PI to the 2Mg clTv-Al=c 8 1
lifetime for B, meson ¢
Substituting all the above operatof&"A, T into the 2 M
relevant matrix element and taking imaginary part, we may (BJTS_ o|BY)= Be Bce
estimate the nonspectator contributions to the lifetim® of 2MBc clis-piZem g 2
meson:
r--t (giB 26
= 2
ZMBC< c| | o) (26) fg M .

1 ~ c
M<BC|O\C/—A|BC>ETBL

wherel” denotes the relevant operators for Pl and WA given
in the above subsections.

According to Eq.(26), when evaluating the lifetime some 1 fé Mg
hadronic matrix elements appear and their values need to be (B0 _p|Bey=—=—E
determined, whereas, having nonpertubative nature, they 2Msg,
cannot be determined by well-established theories as yet. Let
us discuss phenomenological determination of them here.

First of all, the parameters, such 8s,B,,B;,B,, €,

€,,€1, ande,, appear in the corresponding estimates Bor
andD decays too. Precisely f@. decays they are

fa,Ms__

1 -
m(Bc|T\C/—A| Bo)=—¢g €1

2
1 - fg Mg,
%In fact, throughout the paper for convenience we use 2M BC<B°|TS*P|B°>= g
Bl,BZ,NBl ..., only for definitions in cases db, B, andB. me-
sons. Thus in principle, for different mesons they take different
values. where the relevant four-quark operators are
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e - 2
Oy_a=by,Lccy*Lb, 1 _ _ —fg Mg,
e ol =
. o ZMBC<BC|b7,uLCC'y Rb|BC> 8 811
S_P:bLCCRb,
TS _a=by,LTeccy*LT?b, 1 - 3 Mg,
_ o W<BC|bﬂyuRCC‘yMLb|BC>E 8 Bla
TS »=bLT2cCcRT?b, Be
6§,A=HyﬂRczy”Rb, 1 - _fécM 6,
5 o W(BC|DLT""chTab|BC)E €3,
$_p=DbRcdLb, Be
T a=by,RTccy*RTeb, 1 —f2 Mg
e oni (Bo[DRT?CCRT?0|B)= ey,
¢_p=bRT?ccLT?b. (27 B.
There are eight extra matrix elements corresponding to 5
the new operators in thB, case. The “new” matrix ele- 1 — o _fBCM =
ments relate to the above parameters or new ones —2'\/'3 (Bc|b7uLT CCY*RT|B,)= €5,
(€3,€4,€5,€6) as follows: ¢
2
e ~ 5 Me —f2 M
- = ¢ ¢ 1 — — B.VIB
2MBC<B°|bLCCLb|B°>_ g o2 s (Blby,RTCeyLT®hlB) = —¢— &,
Cc
! (B¢/bRccRb|B,) _fé°MB°B
ng_ \Pec c c)= 2
ZMBC For the nonspectator component PI, we have

tree At

G
FPI __fZBCNI Bclvcb|2|vcs|2(1_ 27)2p27 : {

2

" F

penguin:E fch BC|Vcb|2|Vcs|2(1_ Z)sz[

2
F
+2(C3+c5+2c,c5+2¢1Cy) 61] -

2+z_ >~ 1+2z_

X P=Bo~ —%—

+z. - 1+2z_

2 2 2
+2(CS+C6) 3 p762_ 6

2

G2 _
- ngBCM Bclvcb|2|vcs|2(1_ Z)zmc[

+C3Cs) [[2mB1+my(—4B,+2B1)]

+2(C1Cg+CyC5+ C4Cet+ C3C5)2Me€1— 2Mp( €3+ €4) + My( €5+ €5)]

and for WA, we have
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1 2 2
2CqCyo+ N(C1+ c5)

7 (8. Me Vool *Ved (1-2-)?

r 2
(mpes+mie;—2myme(ez+ €4) + myme(€es+ €g))

Bl+2<ci+c§>el},

1
2C,C4+2C,Ca+ 203c4+N(c§+ Ca+2C,C3+2C1Cy)

1 2., .2
2csCet+ N (cs+cg)

(mZB,+mZB,—4m,m.B,+ 2mmeBl)}

|

1
C1C5+ CyCg+ C3Cq+C4C5+ N(clc6+ CoC5+ C4Cq

(28)

(29

By

(30
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c5
N

G?
Fiee= ~ 7o Verl [ Ved *fa M BC<1—z+>2{ NGE+20,05+

4
1+ —

X
2

ME By~ (1+22,)(miBy+m;B,+ 2mbchz)}

Zy

1+ 5

+2¢3

] ) (31)

2 2 Fad
M Bcel—(l-l— 2z, )(myex+ mgex+ mpme( ezt €y))

G¢
TYABc— 7v) = = 15— |Verl ) Ved 5 Mg (1-2)?

o
2

M écBl— (1422,)(m2B,+m?B,+ 2mbchz)] ,
(32)

2c,+Cy

G?
F\é\(leAnguin: - E |Vcb| 2|Vcs|2f§CM Bc(l_ Z+)2[ +2c,+ ¢4 (C3tNcy)

4
1+ =

X
2

ME_B1—(1+22,)(miBy+mZB,+ Zmbchz)}

Z

1+2

+ 2(202+ C3)C3 pifl_(l'f' 22+)(m562+ m§2+ mbmc(63+ 64))

|

2

GZ 2
+ 5 Vool Ved *3 M3 (1-2,)?

Cs )
N +2c5c6+NCg

§2+ 20?&2]

Co+Cs

G2 _
- E|Vcb|2|vcs| zfécM B Me(1— Z+)2[

+cqt 04) (cs+Ncg)

X [2mpB,+2mcB,]+2(cp+ C3)Cs My( €3+ 64)+2mb22]] . (33

D. The effective mass of the decaying heavy quark where A manifests the bound-state effects, and it will be

The masses of the acting heavy quarks in the decays mufed phenomenologically. Note here that for each heavy me-
be treated carefully although the bound-state effects mak@on there are three quantities: lifetirfietal width), inclusive
the problem complicated and obscure. It is commonly acSemileptonic branching ratio, and pure leptonic branching
cepted that if the charm quark appears as a decay produdgtio which may be used for phenomenological analysis, so
the mass should be its running one at the energy scale of ttie estimates here are still well determined even when we
decaying quark or the meson, whereas, if it appears as ttigtroduce the parametey here.
“parent(s)” of the decay, the quark(antiquark is not In the next section, we will discus8 and other related
“free,” but in a bound state; thus the pole mass should beparameters more precisely. With all the formulas derived
taken and the bound-state effects on the mass must be takahove and the hadronic matrix elements, we can make nu-
into account too. Especially in the spectator mechanism th@erical evaluation of the lifetime d8. straightforwardly.
decay possibility of the heavy quark is very sensitive to the
value of its “adopted” mass; hence what value of the quark
mass adopted in the estimate must be paid special attention.
Narison[16] used the QCD sum rules to estimate the mass Since we carry out the estimate of the lifetimeByf with
difference Mt —Mp5 where MPT2 is the short-distance a “global” comparison to all of the heavy and double heavy
perturbative pole mass ad™R is the long-distance QCD- mesons, so the determination of all of the parameters by
related effective mass up to two-loops. The authors of Reffitting the existence experimental data is “over-determined”
[17] attributed such effects into a factor which is multiplied for our goal and has certain level tests. Therefore we evalu-
to the decay width of the “free” quark. ate the lifetimes, the semileptonic branching ratios and the

Here instead of deriving the modification factor with a pure leptonic branching ratios for all the mesons
relatively large uncertainty, we treat the problem phenomD*,D%D,,B*,B% B, and B, in this section in turn and

Ill. NUMERICAL RESULTS

enologically, i.e., by introducing a parametrization present the numerical results in this section.
off pole Generally speaking, we need to make some assumption
Mg =Mg —A, (39 and conjecture to decrease the number of the parameters
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which need to be determined and we may assume that  Bg (D% =6.9%. Comparing to the experimental data:
(D% =0.415-0.04 ps; 7(D*)=1.057+0.015 ps; 7(Dy)

B12)=B1(2), €1(2)= €1(2)> (35  =0.467+0.017 ps andg (D°) =6.75+0.29%, one can see
the fit is quite good.
with symmetry consideration. As for the parameteys and In the estimate oB-meson lifetimes, the values of the
€56, We try to make the conjecture that,~€, and €55 parameters are adopted as follow,,|=0.04, ag(m;)
=e, instead of precise computatién. =0.20, c1(my,) =1.150, c,(mp) = —0.313[4], «=1.06, 3

In the earlier literature, usuallip,~B,~1, e,~—0.15 =1.32[28], B1=B2=1, €,=—0.14, e,=—0.08[29], the
(from the lattice calculationsand e,=0 are taken. In our b-quark pole masmg()Ie:S_OZ GeV andm§”= 4.89~4.91
numerical computations and trials to fit the data of the life-Gey. The decay constantg= 200 MeV andf g =220 MeV.

; * nO +* no
times of the heavy mesor3~,D",Ds,B",B" and B, and We think that the mass of the charm quark, being different

their semileptonic decay branching ratios as well, we ﬁrldfrom the D-meson decays in the initial state but now in the

tmhztsstgs agfjou?néhf qvua;Leress ic;f dteheed Fﬁgg??irsp:rg%ggr pOIf?mal state, should take the value of its running one instead,
. Lo . namely, the running value at the energy scalg, i.e.,
#0, etc., is taken, a better fit is obtained. Now let us present— y 9 9y &

the fitting and determination of the parameters for the heav{<(Mv) should be taken here. To correspond to the pole
mesons in detail. mass value as taken above in estimatiligneson decays,

the precise value (ﬁc(mb) =1.41 GeV is obtained. Further-
more, when calculating the PI contributionBo width, we

o . . take the value op? =(p,— py)? approximately to be 0.8
To evaluate the lifetimes ob° D*,D¢,B%B*,Bs me- M2 as done in Ref[24]. !

sons and their branch_ing r_atios of the semileptonic decays, With the chosen parameters the results as follows are ob-
we use the formulas given in Secs. Il A, 11 B, and the Appen-t ined:

dix. The values of the parameter set with the assumption anc?l ’

conjecture as indicated above are taken as folloWsy| 7(B%) =154 ps, 7(B")=1.74 ps, 7(B;)=1.56 ps,
=0.974, |V,4|=0.975, ay(m.)=0.29, c;(m,)=1.30,

c,(m.)=—-0.57 [8], B1=B2=1, ¢,=—-0.05, ¢,=0 [8], By (B%)=11.2%, if m§ﬁ=4.89 GeV,

the decay constants of D mesofis=160 MeV, st= 190

MeV. In the evaluation of the Pauli interference contribution 7(B%=1.52 ps, 7(B")=1.71 ps, 7(B;)=1.54 ps,
to D decay width, we take thp? =(p.— pa)2 value as 0.5

M2 as done in Ref[24]. We takemP%®=5.02 GeV,mf®® B¢ (B%)=11.2%, if m"=4.90 GeV,

=1.88 GeV[26,27. By Eqg. (1), we have the running mass

A. For the heavy meson and B

of the charm quark at various energy scales as 7(B%=1.50 ps, 7(B")=1.68 ps, 7(Bg )=1.51 ps,
me(m.)=1.67 GeV, m(my)=1.41 GeV, By(B%)=11.2%, if m™=4.91 Gev,
me(mg )=1.37 GeV. where By indicates the branching ratio of the semileptonic
C

decay. Comparing the results with the experimental data
7(B%)=1.56+0.04 ps,7(B*)=1.65+0.04 ps,7(B;)=1.54
+0.07 ps andBg, (B% =10.5+0.008% we can see the fit is
quite good. Note that with the definition a&f, we have taken
Ac=me—m&=023 GeVv and A,=mp*—m"=0.11
~0.13 GeV, which is understandable.

Let us start the next step that with all the parameters as
obtained above, i.e., in the sense obtained by fitting the life-
times of B,B*,B,,D° D*,Dg and the branching ratios of
“We make the assumption E(B5) and some conjectures here the semileptonic decays & andD mesons, we proceed to

only to decrease the number of the parameters which need to kgyg|yate the lifetime oB. meson and its semileptonic decay
determined, so as to carry on the phenomenological study furtheggte.

Certainly, they should be tested. Our approach here is to make
certain assumption and conjectures first and then to explore their
consequences, to make comparison with experimental data, and to
see if the assumption and conjectures are reasonable or not so as toThe spectator component contribution to Byewidth is a

guide us in further study. Moreover, we know that in general thegm of the decays of the andc quark while the other one is
vacuum saturation for the matrix elements of a product of two CUMeft as a spectator in the mes@ . When evaluating this

rent picks up substantial contribution, so we think our conjecturesContribution m. andm. take their effective values. The en-
and assumption should be not too wild. Certainly they are substan- b polerny 1 ’
ergy scale formy~(B;) is Mg~my(m,) whereas that for

tial sources of theoretical uncertainties for the present estimate: pole, .
Since the uncertainties are of nonperturbative nature and to estimafBc  (Bc) should beMp~m¢(m,). We adopt the effective

them is not easy, we leave them for elsewHe®@. masses fob andc as the values gained B andD decays.

To fit the data as done in R€f8], the quark masses as
ms=125 MeV, m§“= 1.65 GeV are desired, respectively.
Then the lifetimes for thed mesons are obtained:(D®)
=0.419 ps,7(D7)=1.06 ps, 7(Dg)=0.446 ps, and the
branching ratio for the semileptonic decay PP meson

B. For the double heavy mesorB,
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TABLE I. The results for theB, meson.

fB g TPen Fbﬂc re—s FWA FPI F(TV) BSL

c [

440 MeV 0.362(ps) 3.4% 22.8% 70.9% 13.4% —7.1% 0.078 ps? 8.7%
500 MeV 0.357(p9 4.3% 22.4% 69.7% 16.9% —9.0% 0.100 pst 8.4%

For the nonspectator contributions, i.e., the WA and PI IV. CONCLUSION AND DISCUSSIONS
pieces, the charm-quark mass in the final state should be In this work we try to estimate the lifetime d, in a

taken its running one at the corresponding energy 44l 510 consistent way for all of the heavy and double heavy
Now let us take the relevant parameters By as follows:  mesons. Our approach is that we adopt the “unique” theo-
MBc=6.25 GeV,M§C=6.33 GeV? B,;~B,~1 are assumed retical framework under which the nonspectator effects are

and as conjecture we takg=—0.14 ande,= —0.08. For ta_lken into account properly for all of Fhe _heavy fla\_/or inclu-
the decay constant, we adopt Eichten and Quidg's-500  Sivé decays. The parameters appearing in the estimag of
MeV [20] based on potential model and the Icattio': meson are determined phenomenolog@ally, ie., by+f|tt|ng the
p. _ Sc. existing data of the heavy mesoBS,B*,Bs, D% D*,Dq
=440 MeV|[21], respectively. Furthermore in the calculation correspondingly and by assumption and conjectures. Further-
of the PI contribution, the quantitp? =(p,—pPc)®>=2M;  more, the effective mass for a heavy quark inside a heavy
+2mé- Méc is taken approximately. With these parameters,meson or the mesda, is treated carefully in two ways: pole
we obtain the numerical results and tabulate them in Table &nd running masses are taken according to the different roles
In the tabIeTBc denotes the total lifetime oB., I'P*"  in the decays; in various binding systems the available effec-

denotes the contribution from the interference between thiVe decay masses may vary. The uncertainties in the esti-
penguin and “tree” terms]'(7v) is the width of the pure mate al}]re d|sguss_ed rofughhlyi_f . d inclusi i
leptonic decay £ channel only but almost equal to the tofal " the estimation of the lifetime and inclusive semilep-

andBg,_ is the branching ratio of the semileptonic decay oftonic (_Jlecay for the mesoB,, not a_II of the parameters,
; &spemally those relating to the matrix elements for two cur-

the mesorB.. From the table one may see that the estimate : " ;
lifetime of B, is around 0.36 ps, which is shorter than the eNts, canobe+f|xed boy fltjlng t.he available datfa of the heavy
center value measured by CIDE]. mesons B ,B—,BS_,D ,D~,Dg; nevertheless in order to
. . o L carry out the estimate we also make some reasonable as-

Since both the parent_ b and ¢ quarks reside in the sumptions or conjectures. Certainly these assumptions and
bound stateB, meson, as in the cases of the heavy mesong, e cryres should be computed by suitable approaches and
D andB, etc,, if the bo'und—state effects are involved, th‘E’tested experimentally. We leave the task and discuss them
problem how to determme the value of the _m_asmgsand more carefully elsewherg23], but here only argue them as
m. emerges. We may f|>_< the parameters by fl'gtlng data of thg 510w instead.
heavy meson® andB, i.e., those presented in Table I, SO 56t in terms of the lattice gauge simulation, the QCD
now the problem becomes whether the values obtained fromm yyje method and other approaches, these parameters can
D and B mesons can be applied to the caseBefdirectly. e computed in practice or in principle. As for the param-
More precisely, Iet_us discuss the bound-state effects on th@tersB1 andB,, i.e., the factors in the hadronic matrix ele-
effective masses df andc in the B, meson further. ments, for instance, their values manifest the deviation from

BecauseB, includes two heavy quarks, i.e., it is a double the vacuum saturation, so they should not be very great.
heavy meson; the bound-state effects might be greater thagome other parameters, suchasand e,, seen to relate to
those in the heavy mesosD. We suspect that the values the nonfactorization effectf33], may be calculated fob
me™ and mg™ might be a little smaller tham®™=1.65 GeV  mesons and® mesons, respectively, in terms of the QCD
and m§ﬁ=4.9 GeV those obtained frorB and D decays. sum rules[8,28,29. It is known that the numerical values
Phenomenologically, if irB, meson,m&(B,)=1.55 GeV, obtained by the QCD sum rules may have errors about 10—
mﬁﬁ(BC)=4.85 GeV are taken, we will obtain(B.)~0.47 15 %, but they still can be used in phenomenological calcu-
ps, which occasionally is closer to the center value of thdations and do not cause a very large uncertainty. Thus in this
lifetime measured recentljd]. In this caseA.=0.33 Gev ~ Work we take the values frord mesons and mesons as
andA,=0.17 GeV. This result may be understood: since the'eferences for th&; meson that in fact is a conjecture. The

rates of directb andc decays dominate the lifetime @&, cpnsistency (.)f our numerical results _fBr and D mesons
meson, and are proportional t(Meff)s the results are so 9V€ US certain cpryﬂdence of the conjecture for the param-
sensiti\}e 1o the effective masses ' eters, i.e., the validity of the parameter regions. Furthermore,

having carefully considered the quark masses and taken into
account the bound-state effects, one may learn how crucial is
the value of the effective mass for the acting quark in the
SHere considering the consistency among the parameters, we dtecays.
not take the experimental central vallul%c=6.4 GeV, but the ones The earlier estimates on the lifetimes®BfandD mesons
obtained by potential model. and the semileptonic decay rates obviously deviate from the
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data. Luke, Savage, and Wi$B] pointed out that in the masses of the decay quarks alone would result in an esti-
decayc— Xev,, the contribution ofe? order is of the same mated change about 4%, the deviation between the values of
magnitude as that a®(a.) and this higher order correction theoretical estimates and the center value of the measurement

suppresses the semileptonic decay rate oftieeson. Bear- in the B, lifetime is not a serious problem, but leaves room

ing this fact in mind, we compare our numerical results forfor;ﬁrther studies. ¢ . tal i hed
the lifetimes ofD mesons and their semileptonic decay rates € more accurate experimental measurements may she

and find that they may be satisfactorily consistent with datalf1eW light on the approach, assumption and conjectures

: adopted here, especially, the consistent consideration of the
Whereas, forB-meson decays, the? order correction, as P P y

. > effective heavy flavor theory, the parameters and the duality
well as the O(as) correction, are smaller. Whereas with yahveen quark states and hadronic states:

these corrections concerned, the resultBfanesons are also

consistent with data within the experiment tolerance region.

All these imply that the parameters taken as the above are IE] |gi.g;){ai v91|:; LPIGAE
reasonable. ’

When evaluating thd, lifetime and its inclusive semi- Therefore more precise theoretical studies are needed.
leptonic decay rates, some new aspects must be taken into

account. First thgre are severall new operators.in the effective ACKNOWLEDGMENTS
Lagrangian playing roles. Their appearance is due to non- _ _ _
negligible charm mase,, whereas inB and D cases, the This work was supported in part by the National Natural

light quark massm, may be ignored with quite high accu- Science Foundation of China. One of the auth(s-H.
racy. Correspondingly, several new hadronic matrix ele<Chang would like to thank TH.-Division of CERN for their
ments are induced by these operators. Some of them are alg@rm hospitality, since this paper was completed during his
proportional toB; andB,, which appear in the expressions short visit at CERN.
for B andD meson decays, as long as the factorization theo-
rem and the vacuum saturation approximately work well APPENDIX
enough. In order to consider the nonfactorization contribu- ) . )
tions, new parameters appear amrg~e; is assumed, The sem|lept02n|c and. nonleptonic decay rate® guark
whereas in this work, we have taken a naive symmetry conthrough order Ing are given a$2,29]
sideration and le; 4~ €, and e5 = €;, although it needs to
be tested further. ) _

As pointed out in the Introduction, in the case of the me- I'st(Hb) =T'¢” 7(Xc,X1,0)| To(Xc,0,0)(Hp|bb|Hp)
sonB., the interference between the penguin and tree terms

is not negligible. Namely, the penguin contribution B 2( )y
lifetime is much more important than thatBoandD decays. 7y 1(x.,0,0) |,
Our results confirm this allegation and we have found the mﬁ
contribution from the interference can be as large as 3-4%
of the total width. Since direct measurements of penguin 2¢.c
diagram contributions through specific decays are interest{"\ (H,)=T{N{ | cZ+c3+ #> (alo(Xc,0,0)
ing, this sizable value certainly encourages future experi- N
mental studies. —
The lifetime of theB, meson is estimated to be around + Blo(Xe , Xe,0))(Hp|bb|Hyp)
0.36 ps iffBC~440—500 MeV and the values of the param- 2 2>
eters taken as discussed above, which is smaller than the —ﬂ(ll(x 0,0) + 1 1(X¢ , X 0))]
central value of the measurements =0.46"g ¥ stat) m?2 o e

+0.063(syst) pg1l]. In our present estimation, we use the 2
values ofMg_andMj_as 6.25 and 6.33 Gef2], whereas 3 {(1ahn, 2¢,c,

the measurement isM B, ™ 6.40= 0.39(stat)}- 0.13(syst) mﬁ N

GeV. When the bound-state effects on the massésasfdc (A1)
quarks are reasonably taken into account, we can hgve

[I 2(XC1010) +1 2(XC 1XC10)]] ’

Cc
~0.47 ps, which is very close to the present experimentaf’nere
center value for th&.-meson lifetime. As noted, the change s &5
of ch itself does not influence the result much, e.g.,fgcs F(()b)E Ggmy Vo2 (A2)
changes from 440 MeV to 500 Me\kg_varies 1% only. 1927% ¢

Considering the fact that our earlier estimation was

=0.4 ps[9] and the estimation in terms of the light-front
constituent quark model wag_= 0.59+0.06 ps[34], which

is larger than the measured value, and the uncertainty ihy(x,0,0)=(1—x?)(1—8x+x?)—12x?logXx,

and the following notation has been uségl; 1, andl, are
phase-space factors, namely,
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1 d where
Il(x,0,0)=E(Z—xd—x)lo(x,O,O),
1,(x,0,0)=(1—x)3, GZm3 m2
2 = : 1_‘(C)_—| cs|2 st—z, (A8)
1to 19273 m3
Io(x,x,0)=v(l—14x—2x2—12x3)+24x2(l—x2)logm,
1 d and for the correctiony(xs,X;,0) in the c-decay case, we
[1(x,X,00= =| 2—x=—115(x,X,0 adopt a numerical expression frdf). It reads
l(ll) 2 dX 0(1:)1 d - I [ fd:m]l d
Lxx.0 =0 1+ 5 +3x2| — 3x(1— 25 log -~ ag(my) ag(my)|?
S 2 1-v’ 7s=1—2.0 -22. . (A9)
aa v
Xe=(me/mp)?2,  v=11-4x, (A3)
with 14 A(x,x,0) describing théo—s ccs transitions. For the dimension-3 operat@Q, the expectation value

For 7(Xc,%,0), which is the QCD radiative correction to ¢an be expressed as follows:
the semileptonic decay rate, the general analytic expression
is given in Ref.[30]. The special case(x,0,0) is given in

Ref.[31] and it can be approximated numerically 6,32 _ ((p)? >HQ <MG>HQ
zas 2 31 2 3 2mQ 2mQ
7(x.00=1-=—|| 7~ (1—%) +5[ (Ad) (A10)

For the decayp— crv, according td 7] we roughly have o
where((pg)?)=(Hq|Q(iD)?Q|Ho) denotes the average ki-
netic energy of the quarl) moving inside the hadron and
The expressions are simpler for-s: <Mé>HQE<HQ|Q(i/Z)U' GQ[Hg)-

Based on Refs[2,10] the kinetic terms take the values
respectively as follows:

T'(b—crv)~0.29" (b—cev). (A5)

T's(H)=T§- n(xs,x.,0>[ lo(Xs,0,0)(H[cc|Hc)

2 2
2<M2> ((Pp) >B_ ((pe) >Dz .
A, |1(xs,o,0)], o p 0016, o021
2c4C 2 2
=T, 12 (Po) (Pc)
I (He)=Tg N[ N ) alo(Xs,0,0) <b—2>B°:0.04, <—2>BC:O.4. (A11)
mb mC

— 2<:U«<23>HC
><<Hc|cc|Hc>——2I1(xS,0,O)
me For the chromomagnetic operator one findgué}FQ
~3 — -
<M(23>HC 26,0, = zmQ(MVQ Mpq), wherePg andVq denote the pseudo

-8— N |2(X51O-0)] ) (A7) scalar and vector mesons, respectively.
mC
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