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Using the SLAC lattice QCD theory, we derive an effective interaction density for the process
c + u s + d + G, where G is a gluon. In this way, we calculate the ratio of lifetimes for the D+
and D mesons. Our result for this ratio is close to unity.

The question of the ratio of lifetimes for the
charmed particles D+ and D has been given renewed
interest with the recent result of the SLAC bubble-
chamber experiment, ' which finds r(D+)/r(D )= 1.2+oo9&, where r(A ) —= lifetime of A, A = D+,D .
This should be compared with previous experimenta-
tion, 2 which had suggested that r(D+) may be more
than five times r(DO). Thus, it is of considerable
importance to understand theoretically just what this
ratio should be.

In this latter connection, we should mention that,
prior to the result in Ref. 1, several theoretical ana-
lyses showed that, in the context of the standard
Glashow, Salam, and Weinberg model, augmented
with (perturbative) QCD, ' one could indeed accomo-

date a large value of 7 (D+)/r(D ) due to the annihi-
lation process

c+ u s+d+ 6
where 6 is a gluon, provided certain parameters, pri-
marily the D-meson decay constant fD or constants
related to it, were of the appropriate size. Hence,
with the advent of the result in Ref. 1, it is of some
interest to analyze (1) in models wherein it can be
computed with reasonable accuracy. We will present
in this Brief Report the result of such an analysis in
the context of the SLAC lattice QCD theory. s

More specifically, in Ref. 6 it has been shown that,
to leading order in 1/g, the SLAC lattice theory
results in the effective interaction Hamiltonian

~(2) ( ) s ~ 8 (n)8 ( rl ) ~taf ~pf ~tpf' ~af'
eff gs& j & j +np, j +np, & j

j ..tt

(2)
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where a is the lattice constant, g is the QCD gauge coupling constant, Q-. (t) is the quark field of color u andj
flavor f' at lattice site j a at time t, and u„= yoy" is the Dirac matrix for the direction p, in the notation of Bjork-
en and Drell. The function 8'(n ) is the defining property of the SLAC theory and is given by

8'(n) = (—1)"+'/n (3)

in the infinite-volume limit in which we shall work. Finally, we note that C~ is the value of the quadratic Casimir
operator for the fundamental representation of SU(N, ) of color and is given by CF = (N, 1)/ 2N, . To analy—ze
(1), we use (2) in conjunction with the QCD-augmented SU(2) x U(1) effective interaction '
&w. = l —,'(f++f )4 "y (1 y )ttt -0 'y"(1 —ys)4 '+ —,'(f+ f-)0"'y (1 —y )0'4—~"y" (1 —y )tCt~'~

2
(4)

where, assuming five quark flavors with m, = 1.84
GeV, we have

f =0.74, f =1.84,

for a one-loop value of 0.34 GeV for the QCD
scale ' ' AqcD.

Our method of analysis is closely related to that in

Ref. 11, wherein one looks at the appropriate ampli-
tude in terms of the fundamental fields f f in order
to discover the effective interaction density for the
process in question. Following Refs. 3, we see that,
in our case, the respective amplitude is as shown in
Fig. 1. Using (2) and (4) we find that the amplitude
is, using the method of Ref. 10 and the notation of
Ref. 7 (the kinematics is summarized in Fig. 1),
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where we have omitted all Wick contractions in Fig. 1

which are included in the standard spectator model3'
of Do decay; further, we have introduced the U(N, )

I
matrices A.', a'=0, . . . , N, —1, such that the
SU(N, ) quark color matrices are X', a'= 1, . . . ,

I

X, —1. 5"" is the Kronecker delta function.
To relate (6) to (1), we must infer the effective in-

teraction for (1) implied by (6). We view the quarks
and gluons in (1) as constituents so that, for applica-
tion to (1), we are interested in the regime' " (the

l

large-distance regime)

Pq, P- 0

P„=(m„-—et, 0), P, = (m, —e2, 0)

where ~t/e2= m, /m„and

1.863 Ge&= ADO= mu+ ~.—~i —~2

Here, we will use I„=0.33 GeV so that e~ = 0.26
GeV. From (7) and (6) we obtain

I

isa'GF[2((3) )8 = (2»r ) 8 (P, +P„P,—P~-—P» —P )——-
x [2(f'++f' )u,"y (1 —ys)u, 5 "vf A', y"
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where ((3) =1.202 is the Riemann ( function of argument 3.
The corresponding effective annihilation (ann) interaction implied by (9) is

242[2((3) ]a'GF
[ (f.+f )~"~' y-"y.,(1 ys) ~'—e'y '(1 y) ~'-

CF&1

+ (f. f )~"i-' y-"y.,(1 y )e'~—'y '(1 y )~']—e'l" y"e',
where we now suppress most sums over color.
Presuming (10) to have been abstracted' '» to the
continuum, we recall the identification

—(6„5' ~+g~ i A„')F ""=Qy"it' Q

where

F ""= t) "A "—|l"A " ge ~A —'"A "

(13)

is the familiar Yang-Mills field strength tensor for
QCD, so that e,t are the SU(N, ) structure con-
stants. A„ is the QCD gluon field. We have in mind
here that the effect of the large-distance interactions
is to give the quanta of A „a constituent (as opposed
to current) mass mG. Thus, this mass mG does not
appear explicitly in (11),' ' for the current mass of
A„ is zero. For comparison, we note that, from Ref.
15, we have

pyric
—=0.7 GeV

FIG. 1. SLAC lattice QCD model for the annihilation
mechanism to lowest order in 1/g2. The superscripts are
color indices.
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On introducing (ll) into (10), we would thus have the effective Lagrangian for the process (1) for G at rest; to
obtain the analogous quantity for G not at rest, one simply has to replace the sum on k in (10) with its Lorentz-
invariant form, after the introduction of (11). In this way, we find

[(f++f )-~"~'y.,y.,(1 -»)~'~'y '(I -»)~'
—242[2)(3))a G

&Fg'& i

+ (f'+ —f'-)Q"&' y„,y„,(1 —ys)Q'Q'y (1 —ys)f ] —(8,8' +go, A'„)F'""'

(14)

Here, we note that the A. term in (10) has been dropped because it can be shown to be negligible by the standard
Fermi Phase-sPace considerations for D decay. We may now evaluate the process (1) in the context of Do de-
cay.

More precisely, from (14) we find the amplitude'2

—i242[2$(3)]a Gp —mGC(D ~s+d+ 6) = (2n ) 5 (P, +P„—P, —P~ - PG)—
CFg &r, g, J2N,

I I
&& (f++f )[u,"y (1 —y5)u,"(n)v„-"(—n)g'A. ' ~y„(1—y5) &-"

—u,"y (1 —y5)u,"( n)v„—"(n)-g'h. ,y„(1—y5) u" ]Q 0(0) (15)

where PG is the gluon four-momentum, e" is the gluon polarization four-vector, n is an appropriate spin four-
vector in the D rest frame, and the labels v, v', and a' are all color indices: v, v'= red, white, blue, etc. ;a'=1, . . . , N, 1. The quan—tity Q 0(0) is the value of the D wave function at the origin. ' In the SLAC
model for the D, the c and u quarks reside at a single site j a. Thus, in this model, the transcription of the de-
finition in Ref. 12 for P o(0) leads to the identification

(0) = u-'i'
D (16)

Hence, using the standard methods, we find the annihilation rate

8aGF mG [2g(3)] ~f~+f-~ io

where io is the phase-space integral (E,—= P, , EG =—PG)

io= „dE,dEG(m o E, —EG) [E,—+EG[2m 0(E, +EG) —m O +md —m, —mG )/mG ]
space

(18)

For m, =0.5 GeV we find, numerically,

I p
=0.037 GeV (19)

Further, for Aqco= 0.34 GeV in a five-flavor one-
loop' formula for g (mG ), we have I',„„(D ~ +d+6) =—2.0 x 10 ' GeV (23)

if we require that the internal momenta of the D be
essentially disjoint from the momenta on the lattice.
Hence, using (19), (20), and (22), we arrive, for
%, =3, at

48 2
g'(mG') =

23 In[(mG/0. 34 GeV) ]
(20) to be compared with the resonably-agreed-upon ex-

perimental result

)P„'( «0.72 GeV, i = x,y, z- (21)

Finally, in the model of Refs. 8, 99.7% of the support
of the Dp wave function in momentum space lies in
the region

I,„„(D+ all) =—8.0X 10 '3 GeV (24)

presuming (24) to be the spectator rate for Do decay,
we find

This gives

—=0.72 GeV or a =—4.4 GeV '
Q

(22)

r(D+)/~(DO) =—1.24

in this (SLAC) lattice QCD model.
The result (25) agrees with the result of Ref. 1.

(25)
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Hence, we feel our calculation emphasizes the need
for more statistics in all of the D-lifetime measure-
ments so that a precise experimental value of the ra-
tio in (25) can be obtained. Only in this way can we
assess the true accuracy of the methods used in this
paper.

Note added. For the parameters in the text, the
theoretical spectator rate for D decay would give 1.06
for the ratio in (25). The implied uncertainty in the
short-distance value of m, is not a large-distance
problem.
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