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We describe a test of factorization comparing the decays of the B meson to D*+n with D*+I v&.

Assuming that factorization works and using the Isgur and Wise theory of a universal form factor, we

estimate the decay constant of the D, meson to be 276+ 45+ 44 MeV.

PACS numbers: 14.40.Jz, 13.20.Jf, 13.25.+m

One theoretical approach to analyzing two-body ha-
dronic decays of mesons containing heavy quarks, such
as D or 8 mesons, is to assume that the decay amplitude
can be written as a product of two currents in a similar
manner to the way the decay amplitude is constructed
for semileptonic decays. For example, the semileptonic
decay B~Dlv is described by the product of two terms,
a hadronic current and a leptonic current, as (D~J„~B)
x (v~ y„(1 —ys) ~l). In the case of two-body hadronic de-

cay the lepton term is replaced by another hadron term.
For example, if the decay is 8 Dtr, the amplitude is
given by (D~J„~B)(O~A„[tr ). This approach is called
factorization and has been used by several authors for
charm decays. ' The quark-level diagram for 8 decay is

shown in Fig. 1(a). This approach does not allow for
final-state interactions between the two final-state parti-
cles. The approach was extended by Bauer, Stech, and
Wirbel to include cases where the virtual 8' does not
form a final-state meson but shares its quarks as shown
in Fig. 1(b). In this case the color of the quarks from
the 8'must match the color of the other quarks. As this
is not generally true this diagram is often called "color

{b)

FIG. I. Decay mechanism of the I3 meson: (a) Simple spec-

tator and (b) color-suppressed spectator.

suppressed.
" We will be concerned here only with the

non-color-suppressed processes which can occur only via
the diagram in Fig. 1(a).

It is our aim first to test factorization in the case
where a tr is produced along with a D*+ meson. We
will do this by comparing the reaction 8 D*+tr
with 8 D +1 vt. Here the hadronic matrix element
for the 8-to-D*+ current is the same in both cases when
evaluated at the momentum transfer squared (q ) equal
to rtt, . Bjorken has long advocated this test. According
to Bjorken, if factorization is correct,

=6 2f, ~V„, l

dI (8 D*+I vt)ldq')v

Since the values of the pion decay constant f, and the
Kobayashi-Maskawa element ~V„d~ are known, we can
use available data on 8 decay to check if factorization
works. Next, we assume that factorization is valid and
add the formulation of Isgur and Wise that has one
universal form-factor function governing heavy-quark
transitions. A check on these two assumptions is pro-
vided by comparing I"(8 D*+tr ) with I (8

D+tr ). We then use published CLEO measure-
ments of the reactions 8 D*+D, , 8 D D, , and
8 D+D, to find a value of fD. We use the equations
given by Rosner for these explicit processes to do our cal-
culations.

The decay 8 8*+1 v is selected through a
missing-mass technique. Here the D*+ decays as D*+

D z+ andtheD asD E x+orE z+z z+.
We use data from CLEO (Ref. 7) and ARGUS. Al-
though a detailed discussion of the analysis technique
used by the two collaborations is found in their papers,
we will give a brief description here.

Because 8 mesons are produced nearly at rest at the
Y(4S) resonance, one can use the fact that the energy of
the 8, Eq, equals the beam energy Eb„, and approxi-
mate the 8 momentum ptt, which is 325 MeVjc, as zero,
to write the missing-mass squared as

M =[Eb„—(Eoe+E()]2—(pD. +pt)
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FIG. 2. The q distribution for the decay 8 D +I v in

units of (branching ratio) xGeV '. This is a weighted average
of CLEO and ARGUS data (see text). The curves are fits of
various models.

Signal events have M consistent with zero.
The same approximation is used to find q from the

measurement of the momentum of the D + meson from
the following formula:

2 2
(~beam +p ~ +) Ppi+

The q distribution is obtained by selecting events
with iM i (1 GeV which are consistent with only a
missing v. In the CLEO analysis the background due to
8 DX and D Kl v is minimized by selecting
pi) 1.4 GeV/c. The resulting q distribution is then
corrected for loss in efficiency using the model of Isgur,
Scora, Grinstein, and Wise (ISGW). The analysis per-
formed by the ARGUS Collaboration is similar, and
differs mainly in that they use electrons with pI as low as
0.4 GeV/c.

The q distributions from the two experiments are
then normalized to the averaged value of 8(8

D*+I v) =(4.8+ 0.4 ~ 0.7)%%u.
' We take the

weighted average of the two distributions and display the
resulting distribution in Fig. 2. Both data sets have been

corrected for experimental acceptance in lepton momen-
tum (worse for CLEO) and in q . The smearing in q
introduced by the approximation of setting the 8
momentum to zero in Eq. (2) dominates the experimen-
tal resolution. The smearing is particularly severe near

q =0.
Although we have measurements over the entire q

range, the binning is sufficiently coarse to require a fit to
the data to find the values of dB(8 D +I v)/dq at
q =m . We use the predicted shapes from three
different models of semileptonic 8 decay, those of
ISGW, Korner and Schuler (KS)," and Wirbel, Stech,
and Bauer (WSB). ' The results are sensitive to the
model used. The value for dB/dq at q =m, is
(2.2~0.2~0.4) x10 GeV using the ISGW model,
(2.8~0.2+'0.5)&&10 GeV using the KS model,
and (2.6+ 0.2 ~ 0.5) x 10 GeV using the WSB
model. Note that the systematic errors will cancel in the
ratio given by the left-hand side of Eq. (1) because they
are dominated by the errors on the D*+ z+D
branching ratio as well as the individual D branching
ratios. There are three independent measurements of the
8 D*+z branching ratio. ' ' These are listed in
Table I. The branching ratios have all been normalized
assuming that the Y(4S) decays 50% into 8 8 . This is
the same assumption used in deriving the 8

D +I vI branching ratio. Again, any error will can-
cel in the ratio. The average for 8(8 D*+z ) is
(0.30 ~ 0.06)%.

Using these data and a value for i V„d i of 0.9744, ' we
find a value of f, =0.024~0.006 GeV using the ISGW
fit, 0.019~0.005 GeV using KS, and 0.020~0.005
GeV using WSB. All of these values are consistent
with the value found from z decay of 0.017 GeV . '

Thus, the factorization hypothesis is tested at the 25%
level.

Isgur and Wise have shown that in the limit of
infinitely massive quarks all semileptonic heavy-quark
decays can be expressed in terms of one universal form
factor. Adding the factorization assumption to the
Isgur-Wise model, relations among exclusive two-body
heavy-meson decays and semileptonic decays can be de-
rived. These have so far been limited to the non-color-
suppressed decays of Fig. 1(a). One prediction from
Rosner relates the ratio of widths for a 8 to decay into
a D or a D* and a pseudoscalar meson P as

TABLE I. Exclusive two-body 8 branching ratios (%).

Mode CLEO (Ref. 13) CLEO (Ref. 14) ARGUS (Ref. 15) Average

D4+
D+x

0.33+ 0.09+ 0.06 0.27+ 0.13+0.08
0.27 ~ 0.08 + 0.05 0.51 ~ 0.27 + 0.14

0.28+ 0.09 ~ 0.06 0.30+ 0.06 ~ 0.06
0.48+ 0.11+0.11 0.35 ~ 0.06 ~ 0.08
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B(B D*+tt )/8(8 D+tt ) =1. (4)

where g=mD/ma, y =q /ma =mp/mtt, and X(1,(,y)
=1+0'+y ' —2(—2y —20.

For the case of P being a z we have 8 D+D,
8 D+D,
8 D D,

1.6 + 0.9 + 0.5
0.77+ 0.45+ 0.25
1.9 + 0.8 + 0.6

TABLE II. Exclusive B-to-double-charm branching ratios
(%).

Measurement of the latter mode are also shown in Table
I. The ratio of branching ratios defined in Eq. (4) has an

average value of 0.9+ 0.2+ 0.1. The systematic error
arises from the error on 8(D + tr+D ), since it does
not cancel in the ratio. This ratio is consistent with uni-

ty.
We now turn to an estimate of fD. In order to make

this estimate we use a different formula, similar to Eq.
(1), but one that takes into account explicitly the kine-
matics for a 8 decay into two charmed mesons. We

have

1(8'-D*'D,-)
~+ =B(&,y)6tt fD V„

dI (8 D*+I v()/dq'[ ~

where

(5)

(6)

Rosner has used the same exclusive branching ratios
and a different approach to find a value of 259~ 74
MeV. Both of these values are consistent with purely
theoretical predictions, which vary widely.

In conclusion, we show that factorization works near

q =0 at the +'25% level. We find that the ratio of
widths for (8 D*+tr )/(8 D+tt ) is consistent
with unity as expected in the Isgur-Wise approach, if
factorization is valid. We estimate a value for fD =276
+ 45 + 44 MeV assuming factorization. These con-
clusions can be vastly improved when larger samples of
8-decay data become available.
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