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The QCD-based operator-product-expansion technique is systematically applied to the study of charmed
meson lifetimes. We stress that it is crucial to take into account the momentum of the spectator light quark of
charmed mesons; otherwise the destructive Pauli-interference effect irecays will lead to a negative decay
width for theD . We have applied the QCD sum rule approach to estimate the hadronic matrix elements of
color-singlet and color-octet 4-quark operators relevant to nonleptonic inclDsilexays. The lifetime ob
is found to be longer than that @° because the latter receives a constructiv@xchange contribution,
whereas the hadronic annihilation and leptonic contributions to the former are compensated by the Pauli
interference. We obtain the lifetime ratigD )/ 7(D® ~1.08+0.04, which is larger than some earlier theo-
retical estimates, but still smaller than the recent measurements by CLEO and E791.

PACS numbse(s): 13.25.Hw, 11.55.Hx, 12.38.Lg, 12.39.Hg

I. INTRODUCTION corrections due to 4-quark operators can be quite significant
because of the phase-space enhancement by a factor of
It is well known that the observed lifetime difference be- 1672, The nonspectator effects of ordemf/ involve the
tweenD " andD? is ascribed to the destructive interference Pauli interference i ™ decay, the\/\/.exchange irD° de-
in D decays and/or the constructiéexchange contribu- cay, and thew-annihilation and Cabibbo-suppressed Pauli
tion t0+DO decays(for a review, see, e.gLL]). By contrast, jnterference in nonleptonib; . While the semileptonic de-
the D, and D" lifetimes are theoretically expected to be cay rates oD *, D°, andD_ are essentially the same, there

close to each other. For example, it is estimatefRinthat is an additional purely leptonic decay contributiong ,

(DY) namely D;—>7‘77.. The dimension-6 four-quark operators
m=1-00—1-07- (1.)  which describe the nonspectator effects in inclusive decays
of heavy hadrons are well know®,7]. However, it is also
However, the recent Fermilab E791 measurement Ofxgje known that there is a serious pro_blem with the evaluation of
lifetime yields 7(DJ)=0.518+0.014+0.007 ps[3]. When the destructive Pauli interferendd™(D ™) in D*. A direct
combining with the world average of thB° lifetime [4]  calculation indicates thaf™(D ") overcomes the quark

yields the ratio decay rate so that the resulting nonleptonic decay width of
. D" becomes negativg8,9]. This certainly does not make
7(Ds) sense. This implies that them/ expansion is not well con-

(DY) =1.2550.04 (E79D, 12 vergent and sensible, to say the least. In other words, higher

S _ _ dimension terms are in principle also important. It has been
which is different fr+om unltyoby.&._ Meanwhile, the CLEO  conjectured ir{8] that higher dimension corrections amount
measurement ODS and D" lifetimes indicates T(DS) to rep]acing me by Mp in the expansion parameter

=0.4863-0.0150.005 ps{5] and f2mp/m?, so that it become$3/m3. As a consequence,
D) the destructive Pauli interference will be reduced by a factor
T(—L;‘)):l'l%o'04 (CLEO), (1.3  of (mg/mp)2.

Another way of alleviating the problem is to realize that
the usual local four-quark operators are derived in the heavy
0quark limit so that the effect of spectator light quarks can be
neglected. Since the charmed quark is not heavy enough, it is
very important, as stressed by Cherny8k for calculations
with charmed mesons to account for the nonzero momentum
(DY) _ of spectator quarks. The sum rule analysig10] suggests
(DY) =1.13+0.04 [Particle Data GroupPDG)]. that the spectator antiquark carries about 15% of thg parent
(1.4 charmed meson momentum. Therefore, the Pauli interfer-
' ence inD" decay is suppressed by a factor ofp()
Based on the operator product expangioPE approach  —{pa))?/{pc)?=((Pp) —2(pa))?/mZ, where(p.) and(pg)
for the analysis of inclusive weak decays of heavy hadrons, i§re the momenta of the andd quarks, respectively, in the
is known that the 1115 corrections due to the nonperturbative D* meson; that is, the Pauli effect is subject to a large sup-
kinetic and chromomagnetic terms are small and essentiallgression and will not overcome the leadingjuark decay
canceled out in the lifetime ratios. By contrast, thenl/ width. Based on this observation, in the present paper we

which is 50 different from unity. Note that th®_ lifetime
measured by Fermilab and CLEO is better than the errors
the world average valugt] and that the lifetime ratio ob

to DY is larger than the previous world averagg:
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will follow [9] to take into account the effects of the specta- ¢ S e
tor quark’s momentum consistently.

In order to understand thg-meson lifetime pattern, itis D°
important to have a reliable estimate of the hadronic matrix
elements. In the present paper we will employ the QCD sum N
rule to evaluate the unknown hadronic parameters
B.,B,,e1,&,, to be introduced below. In Sec. Il, we will
outline the general framework for the study of the charmed
meson lifetimes. Then in Sec. Il we proceed to compute the

. . . u
hadronic parameters using the sum rule approach. Section I\ c > : c c @x c

presents results and discussions. D;
s d ) A
Il. GENERAL FRAMEWORK s s
The inclusive nonleptonic and semileptonic decay rates of (b1) (b2)
a charmed meson to ordemi are given by(6,7] u
C C
GZm> 1 , 5 2CiCy D* me
FNL,spe((D)ZWNc CKM 5 C1+C2+N—c A
d d
—| aly(x,0,0)({D|cc|D) (c)

1 FIG. 1. Nonspectator effects:(a) W-exchange, (bl)
— W-annihilation,(b2) and (c) Pauli interference.
~ —511(x,00)(D[cgs GeD) (b2 and(©

C

where
4 2018 %0.0)(D[cger- G|D
WC Ng 2(x,0,0(D[cgso-Gc|D) ¢, B <D|F\(,C)(iDL)2h\(,°)|D> -
KD:_ 2m — T M1,
(2.1 D
(2.9
whereo-G=0,,G*", x=(ms/m)? N is the number of D ﬁ(c)l o-GhO|D
colors, the parametex denotes QCD radiative corrections v 59 v
[11], and Gp= 2mg =3\,.
GEmg 7(x,%,0) — The non bati i i
_ N 12 X perturbative parametes is obtained from the mass
Fa(D)= 192773'V°S| 2 [IO(X'O’O)<D|CC|D> squared difference of the vector and pseudoscalar mesons:
1 Py 3 2 2
-l 1(x,0,0)(D|cgso- Ge|D) |, (2.2 (\2)p= 7 (Mp, —m5)=0.138 GeV,
C

2.9
where 7(x,x,0) with x;=(m;/mg)? is the QCD radiative

3 5

correction to the semileptonic decay rate, and its general ana- ()‘Z)DS: Z(ng - m%s) =0.147 GeV.
lytic expression is given ifil2]. In Egs.(2.1) and(2.2), 11 »
are phase-space factdisee, e.g.[13] for their explicit ex-  As for the parameteh,, it is determined from the mass
pressions and the factoVky takes care of the relevant relation[2]
Cabibbo-Koyashi-MaskawéCKM) matrix elements. In Eq.
(2.1) c; andc, are the Wilson coefficients in the effective 2mgm, —  — - —
Hamiltonian. (M)p,— (N y)p= mp—m [Mp,—mMg—(mMp_—mp)],

The two-body matrix elements in Eq&.1) and(2.2) can ¢ (2.6)
be parametrized as

- whereﬁpz z(mp+ 3mps) denotes the spin-averaged meson
(D|cc|D) Kp b 3 mass. Form,=5.05 GeV andm.=1.65 GeV, we obtain
2mo 1 ome2 + om? +0(1/mg), (M)p,~(\1)p=—0.067 GeV.
2.3 To the order of Ih?, the nonspectator effects due to the
> Pauli interference ani/-exchangdsee Fig. 1 may contrib-
D

ute significantly to the lifetime ratios due to the two-body
=Gp+0(1/m,), phase-space enhancement by a factor ef’l@lative to the

oF

cigsch

2mp three-body phase space for heavy quark decay. As stressed in
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the Introduction, it is crucial to invoke the effect of the light erly describe th® lifetimes. For this purpose, the four-quark
guark’s momentum in the charmed meson in order to propeperators relevant to inclusive nonleptoflcdecays arg9]

2

CNL,nspec:TFVCKM[QMkzﬂl (20102+ Nic(ci‘FC%) 05, +2(ci+c5)Ty,
1 2 1 \2
+§(k“kV772—kzg”V773) N, 02+N—Ccl) O, +2¢5T",+Ng| ¢; + N_ccz) 0%, +2c5TS, ] 2.7
where
OﬂﬁaquamcL. T?LV:EL'Y,utaqLa_'thaCL- (2.9

with t2=\?/2 and\? being the Gell-Mann matrices, angl, 7,, 73 are phase-space factors, depending on the number of
strange quarks inside the loop of Fig[9,14]:

X
1+5),  7e=(1-%)%(1+2x),

(i) m=(1-%72 75,=(1-x)? 5

(2.9
(i) 71=(1—Xx)2, 7=V1—-4x(1-X), 75z=+v1—4x(1+2x),

for (i) one strange quark an@) two strange quarks in the loop, respectively, with (ms/m.)2. Of course,7;=1 in the
absence of strange loop quarks. In E2)7) the first term proportional tg#”k? contributes to the Pauli interference, while the
rest to theW-exchange oW-annihilation, wherek is the total four-momentum of the integrated quark p&ir More specifi-
cally, k=p.+ pq for the W-exchange andlV-annihilation, andk= p.— p for the Pauli interference. In the heavy quark limit,
k—p. and it is easily seen that E(R.7) is reduced to the more familiar forfd4]

d 2, 2 d
710y_at+2(ci+Co) miTy_a

2GEm; 1,
LNL,nspec: TVCKM 2c,C+ N_(Cl+ CZ)
c

1 1 \2 2
- §Nc Cot N_Ccl) (1720V-a~ 7305 p)— §C§( 72Ty A= 73TS p)
1 1 ? S s 2 2 S S
—3Ne| Cat 2| (720v-a~ 7305-p) = 3C2( 72Ty A~ 73Ts p) (2.10
C
|
where use has been made of equations of motion, and 1 2 mp
> —(DglOf_alDg)=—5—Bx1,
Zme 4 4 8
OV_a=CLY,aLqL Y CL, (2.12
f5 mp

1
_ (D TY_ADgy= ——e,
Od_p=CrALALCR, 2me< q| V-al q> g ‘1

(2.10)

Ty_a=CLyt?aua y“t%c, and

kik? f5,Mo,

<Dq|07“,| Dq>E qT

Td p=cgrt?q g t%cg, B,,

2m%q
. (2.13
with gg . = (1= y5)q/2.

In analog to the hadronic parameters definedli4] for kK sz Mp
the B meson sector, we can also define the four hadronic (DgIT},|Dg)= q8 Y&y,
parameter$,,B,,e1,&, in the charm sector as

2ms
Dq
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for the matrix elements of these four-quark operators be- The destructive Pauli interference in inclusive nonleptonic
tweenD meson states. Under the factorization approximaD™ andD decays and th&~exchange contribution tB°
tion, B;=1 ande;=0 [14]. and theW-annihilation contribution td_ are

1 2
1+ =x B,+2cie;

2

2
mp 1
Fexc( DO) == 1-‘077nspe<§|Vcs|2|vud|2+ |Vcd|2|vus|2) m? (1_X)2[ ( N C§+ 2C102+ Nccg
c c

1 m3
—(1+2x) (—c1+2c1c2+N c5|By+2c2e, ]—ronnspe$vcs|2|vus|2W\/1—4x
C
1 ) 1
X4 (1=X) c1+2c102+ Ncc2 Bi+2cieq | —(1+2x) c1+20102+ Ncc2 Bz+20182

2

mp [ 1
- 1—‘077nspe<l:Vcd|2|Vud|2 m? (_Ci'*' 2¢,Crt NcC§> (Bi—By)+ ZCE(Sl_ 82)} )
c

N¢

< pc> ( pd>

Fiﬂt(D +) = 1ﬂO"/nspeJ:Vud|2(|Vcs|2( 1- X)2+ |Vcd|2)—2—[(cl+ CZ)( Bl+ 681) + 6C1CZBl]
(2.19

2

an + 2 ZmDS 1 2 2 2
r I’tDs):_1_‘077nspetlzvcs| IVudl m2 | IN C3+2¢1Co+NcC [ (By—B3) +2¢5(e1—€3)
c c

2

1 2
1+ =x B,+2cie;

2

0 77nspecl:Vc5:| 2| \%

1 2 2
N_CC1+ 2¢,Cy+N¢C5

|

(Pe)— <|os>)2

C

—(1+2x) B,+2c%e,

1 2 2
N—Ccl+ 2C1Cr+NC5

Fiﬂt( D;) = 1_‘O77ns.pecl:vus,|2(|Vcs| 2(1_ X)2+ |Vcd|2) [(Cl+ CZ)( B;+6&1)+6C1CoB,],

with can be nicely illustrated by the example Bf— 7-77 decay
with the decay rate:
2
GZm3 f5,Mp
Lo=1g53" Tnspec=16m°—5—.  (2.19 _ GEmlfEmp_
me F(Ds—>TV7)~T

In Eq. (2.14), (p.) and(p,) (gq=d,s) are the average (2.16
momenta of the charmed and light quarks, respectively, in '
the charmed meson. The sipg+ p, can be effectively sub- an expression which can be found in the textbook. In the
stituted byme, the mass of the charmed mesDy. This  OPE study, the same decay width is represented by

|VCS|2

. G'Z: 2 v v 2 3 V2
L(Ds—7v)= e |Ved| (Pet Po)*(Pet P) "= 9" (et P3)°+ 50%"'m?

2 2

m

T

 (potps)?

<Ds|(0m(1 ¥5)8)(S7,(1— 5)¢)| D)
2mD

(2.17
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Comparing the above two expressions, it is clear that (
+pg)? is nothing butm%s. Consequentlyp.—p, can be ap-
proximated asqu—qu where p, could be roughly set as

the constituent quark mass350 MeV. Compared to the
naive OPE predictions, it is evident from E@&.14) that the

decay widths ofW-exchange andN-annihilation are en-
hanced by a factor ofr(nD /m¢)?, whereas the Pauli inter-

ference is substantially suppressed by a factor p,f, (
—2py)%/mz~0.5.

IIl. QCD SUM RULE CALCULATIONS OF FOUR-QUARK
MATRIX ELEMENTS

PHYSICAL REVIEW D61 014008

where the relations betwed 6B, &, s and the parameters
B12.e1, defined in Eqs(2.12) and(2.13 are

B,=B+46B, B,=B+4B,

(3.2

g1=¢e+4d6e, e,=¢e+ de.

Unlike theB meson case, in the study of tBemeson it is
preferred to begin with the full theory directly for several
reasons(l) In the QCD sum rule study of the full theory, the
working Borel window of theD meson case is about
2.0 GeV¥<M?<3.0 GeV’; hence, the extraction of rel-
evant 4-quark matrix elements can be obtained directly at the
scale ~m;; (2) since the physical quantities expanded in
1/m. will converge slowly due to the fact thanh; is not

In order to calculate the four-quark matrix elements ap-neavy enough, it becomes unnecessary to work with the ef-

pearing in the formula of th® meson lifetimes within the

fective theory at the outset; an@) it is customary in the

QCD sum rule approach, it is convenient to adopt the fol-literature to evolve the hadronic matrix elements down to the

lowing parametrization:
B
(Dg(p°)|O},[Do(p%)) = (BP, P + 3By, mp ) .
, 3D

D
(Dg(P®)[T},IDa(PP)) = (P, Py + d29,,mp ) 7

confinement scale, say,~500 MeV, in order to apply the
vacuum insertion hypothesis. However, as emphasized in
Ref. [15], we shall avoid evaluating the matrix elements in
such a low scale because(u;,) is of order unity at this
scale and large radiative corrections cannot be entirely
grouped into the Wilson coefficients.

We consider the following three-point correlation func-
tions:

112,(p.p") =17 [ dx dy €0 T{[00)1 350 10O 756(1) 1110,

(3.3
1y, (p,p')=i? f dx dy & PY(0|T{[a(x)i ysc(x) ]TE,(0)[a(y)i ysc(y)]"}0).
The sum rule calculation gives
, , 2\ 22
Bp,p,+8Bp-p'g,, | fo,M, L_} |3 JSOdS 1 . 1—1§2+m 1_m§
(pP-md (p2—mp ) | metmg &~ 2P B [T e T s T T
q q
(qq) Mg (95G?) 1
o 5|1 2_ 2 48 T2 2
pe—mg 2(p*—mp) mPme| p? p?—m2
2 o 2
m(gsqoGa) mg McMy , . .
—m am 82ﬁ +9,..,0-P X O(dimension 8,
p c ¢ (p mc)
(3.9
and
sp,up;-lsésp.p’g,w fqu%q zszq
(p?=mp )(p'2—mp ) | Mct Mg/ 4

(956

(g,wp p'—p.p,)m {(32 2);

| 12
—2my(25+ 28 —m?)]+ 22 (n[(m PN “m°)]f
mC

1 ’ 2
f f “is p2)<s— ) gl TS T

25— 3m
2(fs p?)

pz)/(;umc)]
p?—m¢ m

Inf (mZ—

2s'—3m?
S—
S/Z(S/ _ p2)
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<gsqo Gaq)
1287°

In[(m2—
+

f f ds’ — 8(s— m2)+%5(s’—m2))(1—3mq)
(s— pz) (s'=p'?)\s s ¢ me

PHYSICAL REVIEW D 61 014008

mq(lnnmi—p'zw(mc)] 1

T3 2 2 2 2 2 2
me p’ —me pT—me pT—m

pPIl(um)] 1 )

+ O(dimension 6,

(3.5

12 2
pe—me

where(- - -) stands for Q|- - -|0) and handed light quark fields. Second, the renormalization scale
up~500 MeV was adopted in the sum rule analysi§ @f

fp m Dyq However as emphasized previously, the strong coupling con-

(0[qi ys¢[Dg)= Mg + my’ (3-8 stanta, at such a low scale is of order unity and therefore the

Here we have used the factorizatiéor vacuum insertion

radiative corrections to the OPE series are out of control. The
final results will become less reliable. Third, running the

approximation to estimate the four-quark condensate. Howscale fromm, to u},, new penguin-type four-quark operators
ever, sincesB does not receive four-quark operator contri- will appear and it is claimed ifi9] that the matrix elements
butions under the factorization approximation, the contribu-of these operators are quite important in estimating the non-
tion from nonvacuum intermediate states may not bespectator effects iD*, D° andD{ . This statement is ob-
negI|g|bIe We would like to remind readers that the ratio of viously in contrast W|th the conjecture of Blok and Shifman
7(DJ)/7(D% is quite sensitive ta¥B. We have estimated [8] who argued that the contributions from new operators can

the dimension 8 four-gluon condensate contributionSB

and found that the enhancement& due to the four-gluon

condensate is less than T0and thus can be neglected.

be discarded as the penguin diagrams in charm decays are
negligible due to the GIM mechanism. In the present paper,
the hadronic matrix elements are evaluated directly at the

It is useful at this point to compare our analysis with thescalem, so that the above-mentioned problems with the low

similar QCD sum rule studies if9]. First, Chernyak{9]

renormalization point and new penguin-type operators are

employed the chiral interpolating current for heavy mesonsgircumvented.

so that all light quark fields in his correlators are purely After performing the double Borel transformatiofis5],
left-handed. As a result, there are no quark-gluon mixed conp?—M? andp’2—M’2, on the above sum rules and letting
densates as these require the presence of both left- and right>=M’?, we obtain

B=4

2
Mt Mg om? 2 s js dse sM?
2 ¢ 82 m

f2 m
Dq Dq C

Ry _mcmq _mgle <gs >
<qq>(1 2M2>e 48x2m,

.

2,012
e_mc/M )+

[ —
S

2\ 2

+mq

m¢
=g

- 2
MAGAr-Ga) (| Mg mamg) oz
aAM4 am, 24M? ’

6B~0, (3.8
and
1Up to dimension sixB is given by
Bp-p' f2qn«% 2 1
= (1= %A (1= 1)) 55— 3.7
(P ) (7 e, 2 (@7 y)dmy (1= Q>( xRy

which obviously vanishes under the factorlzatlon approximation. At the confinementsba@ MeV, the nonfactorizable contribution due
to the four-quark condensate was shown to be sizable in the determination of penguin-type matrix elef@¢ntsia result, the lifetime
ratio of 7(DJ)/7(D®) ~1.24 obtained if9] is much larger than previous estimates.
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g=— ¢
2 2~2
_ mc+mq 4 3 2IT12 /MZ So So ' —(S+S,)/M2 <gSG > 1 ’ 2 ! 2
= W) §mce D, mzds mzdse W@ Me(s+s"—mg) —2my(2s+2s" —my)
q q Cc C
, , (mme) <gsa0'GQ> 1 1 ,
+4my(2s—3m2)s’ (s —mﬁ)( y+In 2 || e ;5(5— m2) + 20(s -m?)
3m 8m , (ume)
x| 1- cq +— 3(s—m2)&(s' —m2)| y+In MZC , (3.9
C
|
wherey is the Euler’'s constant. sum rules. As aresulB~1. To the order of dimension-five,

For numerical estimates d8 and ¢, we shall use the the main contributions to the OPE seriescadire depicted in
following values of paramete?s:fDud=170t 10 MeV, Fig. 2, where we have neglected the dimension-six four-
fp =210+£10 MeV, m,=my=0, rﬁs= 125+ 25 MeV, quark condensate of the tyggI'\*qgI'A®qg) since its con-
m:: 1.40+0.05 GeV, so(D,q)=6 GeV, so(Dgy)  fribution is much less than that from dimension-five or

=6.5 Ge\?, and[15] dimension-four condensates. The numerical result of
e (=—6¢) is shown in Fig. 3. Within the Borel
(UUY =1 Gev=(dd) ,_1 gev=— (24020 MeV)?, window 2.0 GeV<M?<3.0 Ge\’, we  obtain
g(D%")=—6¢(D%")=0.015-0.010 and &(DJ)=
(ss)=0.8x (uU), — 8e(D{)=0.015"g015, where the error comes partially
(3.10 from the uncertainties of input parameters. Consequently,
(asG2>,L=1 cev=0.0377 GeV, B, . ande, , are numerically given by

_ _ —B.~ 0+y— _

N 0.045 _
Note that in the sum rule studg, is the current quark mass e1(Dg)=~0.045 g5z, £2=0. (3.12

normalized aju®= — m . . Since the sum rule calculation is built upon the quark-hadron
To further improve the quality of the sum-rule results, we q,5jity hypothesis, it is difficult to estimate the intrinsic er-
rescale the nonperturbative quantities to the scale of thgy s in this approach. However, if the OPE series is extended
Borel massm: to higher dimension operator terms, then the errors will be
ay(M) | ~2o improyed. Morgover, it is des_irab_le to evaluate the nonva-
s ) cuum intermediate state contributions@8=3(B,—B,) as
the ratio of 7(DJ)/7(D?) is quite sensitive taSB. Even if
6B deviates from zero by a small amount, say 0.005, the
ratio 7(D <)/ 7(D°) will be enhanced by 6%.
Thus far we have not considered the effects of higher
(3.11 dimension operators except for the dimension 8 four-gluon
condensate contribution t8B. Strictly speaking, the decay
constant used in the hadronic matrix eleme(®sl?2 and
(2.13 should be the static onEp defined in HQET if the
(aSG2>M=<aSG2>M, matrix elements are systematically evaluated in heavy quark
expansion. It is known that the rhf expansion in charm
whereBo= 3N, n; is the leading-order expression of the decay is not as good as thari/expansion in bottom decay
B-function with ny being the number of light quark flavors.  sjnce the charmed quark is not very heavy. For example, the

Let us explain the results obtained in E®.8) for the  QCD sum rule analysis yields the relatift6]
parameteB and Eq.(3.9) for . Equation(3.8) can be ap-

fDq(M):fDq(mc)(m

ag(M) ) ~4lBo

<Eq>M = <EQ>M ( as(/-l/)

ag(M) ) 2/(3Bo)

(900 Ga)y=(gsqo-Ga) - (m

proximately factorized as a product of two two—po'rmq _ Fp(m) 2 as(mc))(l (0.8~1.1) GeV
" ime T 3 me

3.1
2lt is known that the charmed quark mass used in the sum-rule (313
studies is smaller than the pole mass shown below. Likewise, thbetweenF and the physical decay constang. It is clear
sum-rule decay constants andfp,_are slightly smaller the values that the 1t corrections td=p, are approximately 50% of the
employed in Sec. IV. leading-term contribution. It has been conjecture@i@hthat
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D1 e
(a1) : _

T 1. 1.5 2. 25 3.
M2 (GeV?)

FIG. 3. ¢ (=—6¢) as a function of the Borel mass squared
M2. The solid and dashed curves are ffD%") and (DJ),
respectively. Here we have uség=170 MeV, fDS=21O MeV,
m.=1.40 GeV, m,=125 MeV, s(D%")=6 Ge\?, s(D,)
=6.5 GeV, (qq),—1 cev=—(240 MeV)’, and Eq.(3.10.

% <@£x> =350 MeV, we found that the pole mass is preferred to
be a bit larger. We shall uge,=1.65 GeV for calculation.
We next proceed to compute the nonspectator effects us-
ing Egs.(2.14) and(3.12 and obtain

(a3)

(b1) (b2) I'®4D%=(0.46+0.30T,,

FIG. 2. The main diagrams contributing to the OPE series of

in Eq. (3.9: (al)—(ad the gluon condensates, afiiol), (b2) the rift([ﬁ): —(3.29+0.40T,,

quark-gluon mixed condensates. The charmed quark is denoted by 4.2)

the heavy line. anm e+ )
r*™MDg)=(0.19+0.13 T,

the effect of higher dimension operators amounts to replac-

intr+y_
ing Fp by fp in the estimate of factorized matrix elements. I'Z(Ds)=~(0.3520.09T,,

where the errors come from the uncertaintyegf and use
IV. RESULTS AND DISCUSSIONS has been made df, =240 MeV. Collecting all the contri-

The total decay width of the charmed meson is given bybutions, we find

D%=0.38 ps,
I'(D) :FNL,spec+FNL, nspec+rSL+FIepa 4.1 (DY) P

+\ —
where 'y spec @Nd Iy nspec d€NOtE  nonleptonic decay 7(D7)=0.96 ps, “.3
widths [cf. Egs.(2.1) and (2.7)] due to spectator and non-
spectator contributions, respectivelys, [see Eq(2.2)] and

I'¢p the semileptonic and pure leptonic decay widths, respec- _ - .
tively. In units of I'g=GEm/(1927%), we obtainl"y_spec It is clear from our calculations that the lifetime Bfg is

0 i - -
—484°), Tg=10X, and [yDi—7v,+pv,) Ionger tha.m' thgt ob becausg the Ca@bpo aIIowe(E nonlep
_ _ _ # tonic annihilation and leptonic contributions 1D ) are
=0.169"y for m.=1.65 GeV, m=125 MeV, c;(m;) . oS
—1.30 andc,(m,) = —0.57. compensated by the Cab|.bbo—suppressed Pauli |nterference.
If the momentum of the spectator quark in & meson We also see that the predicted absolute charmed meson life-

is neglected, the destructive Pauli interferenc®in decay times are in general too small compared to experimptis

is found to bel'™(D *)=—8.5",, which largely overcomes

the c-quark decay raté'y,_ spec- Consequentlyl’,(D ") be-
comes negative, which is of course of no sense. This indi-
cates that it is mandatory to invoke the spectator quark to
suppress the Pauli interference effesge Eq(2.14)]. On the
contrary, the spectator quark’s momentum in the charmegnd
meson will enhance thé/-exchange olV-annihilation con-
tribution. Since the decay width @ involves a large can- (D)= (0.518+0.014+0.0079 ps (E79D[3],
cellation between two terms, it is very sensitive to the pa- nHs )™ (0.4863-0.015-0.005 ps (CLEO)[5].
rametersmg, fp, and(py). For fp=190 MeV and(p,) (4.

7(DJ)=0.41 ps.

7(D%=(0.415-0.004 ps,
(4.4)
7(D")=(1.057+0.015 ps,

014008-8
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By contrast, the calculated lifetimes & and A, hadrons

PHYSICAL REVIEW D61 014008

ous theoretical estimatd4,2] but still smaller than recent

based on heavy quark expansion are too large compared tmeasurements. Nevertheless, this lifetime ratio could get en-

the data(see, e.g.[13]).
The charm lifetime ratios followed from E¢4.3) are

(DY)

T(DO)

=2.56+0.52,

(4.9
7(Dg)

7(D°)

=1.08+0.04.

Although the lifetime ratior(D *)/7(D°) is in accordance
with experiment, the predicted ratio for(DJ)/7(D°),
which is insensitive to the value ofi., is larger than previ-

hanced if nonvacuum intermediate states contribute sizably
to the four quark condenstate so th#8 is nonzero. It is
worth remarking that if the nonzero momentum of the spec-
tator quark is neglected, then the rati@J)/(D°) will be
enhanced to 1.11. However, as stressed in passing, it is
meaningless to have a negative lifetime for Dié.
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