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Simple tests of the factorization assumption
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We suggest simple experimental tests to determine whether or not the factorization assumption is
valid for the two-body, nonleptonic decays of heavy hadrons, when both daughter hadrons are also
heavy.

I. INTRODUCTION

The nonleptonic weak decays of hadrons can drive the
most optimistic and perservering theorist to distraction.
For instance, consider the decay 8 D+tr, whose ma-
trix element M is

M (D+(p~)tr (p2) ~dL"ucL„b~B'(p)&.

The best that one can do is write down the most general
form that can be constructed from the kinematic variables
pl, p2, and p, and hide one's ignorance in various form
factors. Without further input from some source, such as

I

divine revelation or explicit model construction, this yields
essentially no useful information.

In the limit when all of the hadrons involved are heavy,
the recently developed heavy-quark effective theory
(HQET) [1] lessens our ignorance somewhat, by allowing
us to relate the matrix elements of some decays to others.
Nevertheless, even in this case, the amount of information
available is not overwhelming.

A popular assumption that has been used in treating
nonleptonic decays is that the amplitude for the decay fac-
torizes [2]. For our example of 8~ Dtr, this means that
one can write
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significant strong interactions. This corresponds to pro-
duction of a light meson, so that factorization is indeed
valid for decays like 8 Dtt and Ab A, tr.

In contrast with the formulation of [3], there is no com-
parable justification of factorization when the meson pro-
duced from the virtual S' is a heavy one. Nevertheless,
this assumption has been used to describe the decays
8 DD, and Ab A, D, [4-8]. Because of HQET,
a few predictions can be made for these decays, using the
nonfactorized forms of the transition amplitudes [9,10].
With factorization, similar predictions can be made, but
these can be quite diff'erent from the predictions made
without factorization.

In what follows, we compare the two sets of predictions
for these decays. In particular, we look for experimentally
testable consequences that will enable us to determine
whether or not factorization is a good assumption for the

g ~ D (+ )D (+ )

In a
previous

analysis [9] we described all of the decays
8 D D, * using the tensor

T"'=(D(v i)D (v2) Icy"(I+ ys)bsy "(I+ys)clB(u)&

—= Mg"'+W[v;"v2+vlv( 2 (vl v2)g"']

+S(v~)vl ——,
' g"")+g(v",vz ——, g" )

+P(v~jv2 —v )v2)+iLe""'Pv ),vip. (3)

We found that these decays split into three disjoint sets:
the decay 8 DD, is described by the form factor M, the
decays 8 DD,* and 8 D*D, are described by the

(D+(pi)tr (p2)idL"ucL„biB (p)&=(D+(pi)icL"biB (p)&(tr (p2)idL„uiO& (2)

t the previously unknown form factors are simply re- decays we consider. We point out here that the work of
to the pion decay constant f„and to the form fac- Refs. [7] and [8] have assumed factorization, have per-
escribing the semileptonic decay 8 Dev. When formed some simple tests of the assumption, and have

ed with HQET, this assumption allows a myriad pre- made predictions based on this assumption. Our approach
ns to be made for the decays of heavy hadrons. is somewhat different. Let us emphasize that we
o questions that have to be addressed in all this are specifically compare the predictions of the factorized form
how good is the factorization assumption?" and (2) of the decay amplitudes we consider with those of the nor-
m is it valid?" Recent work by Dugan and Grinstein factorized form. We confine our attention to the two-
ggests that this assumption is a good one when the body nonleptonic decays of heavy hadrons, in which both

n produced from the virtual W in the decay of a daughter hadrons are also heavy, since HQET allows us to
hadron is very energetic, so that it can escape from write down reasonably simple forms for the nonfactorized

urrounding hadronic matter without undergoing matrix elements of such decays.
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