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+ 0 + +We report measurements of the decays D ~K n+m+m, D+~K m+m+~, D+~K m+~+m. , and
D ~K m+m n. from Fermilab photoproduction experiment E691. A complete resonant substructure
analysis is used to determine the relative fractions and phases of amplitudes contributing to the decays
D ~K m+m+m, D+~K m+m+n, and D+~K a+@'+m .

PACS number(s): 13.25.+m, 14.40.Jz

I. INTRODUCTION

Extensive theoretical predictions have been made for D
mesons decaying into two-body states [1-4]. These in-
clude decays to pseudoscalar-pseudoscalar (PP),
pseudoscalar-vector (PV), and vector-vector (VV), and
pseudoscalar —axial-vector (PA ) states. Of these, the VV
and PA decays are not well measured because of the high
V and A decay multiplicity and the difficulty of extract-
ing resonant components. Despite these predictions for
two-body decays, virtually nothing is predicted about the
size of many-body decays, although they may contribute
significantly to the total width of channel mesons. In
some cases, estimates of lifetimes are made by adding up
the two-body decays, ignoring other channels. It is there-
fore important to measure the size of the PA and VV de-
cays and to determine whether the multibody decays are
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large.
At present, a large fraction of the hadronic decays of

D and D+ mesons has been accounted for experimental-
ly. Measurements exist for the Cabibbo-allowed decays
into Kn, Knur, K4m, as well as K3n [5—7]. The pho-
toproduction data taken by Fermilab experiment E691
provides an excellent opportunity to measure the vector-
vector and pseudoscalar-axial-vector modes of charm
decay. In this experiment, large background suppression
is achieved for high multiplicity modes by observing the
separated charm vertex. In this paper, measurements of

~K m. +n.+m, and D+ ~K m+~+~ decays are
presented.

II. EVENT SELECTION

The D and D+ samples used in this study were ob-
tained from the analysis of the full data sample of 10
events from Fermilab photoproduction experiment E691.
This experiment collected data using the Tagged Photon
Spectrometer [8], which is a large acceptance two-magnet
spectrometer with silicon microstrip detectors, drift
chambers, Cherenkov counters, and both electromagnetic
and hadronic calorimetry. A bremsstrahlung photon
beam with energy in the range 90—260 GeV was directed
to a 5-cm beryllium target. Events with a transverse en-
ergy greater than 2.2 GeV were recorded. A general ver-
tex reconstruction was first performed and events with
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fitted vertices having y /XDF & 3 were retained. Next it
was required that all charged tracks except those from
the decay of Ez traversed both spectrometer magnets and
had momenta of at least 3 GeV/c. This minimum
momentum cutofF is applied to ensure that there are
enough drift chamber hits to form a track that can be
well modeled in our Monte Carlo simulation. The recon-
structed momenta of the decay (charm) vertex products
was required to point back to the production vertex
within 80 pm for the K m. +~++ and K ~+m. +m

channels and within 100 pm for the channels containing
a m. . Only events with four-body mass in the range
1.75 —2.00 GeV/c were used in the subsequent analysis.

Neutral pions were found using two well-identified
photons with a mass consistent with the m . To suppress
background, only ~ s with energy greater than 8 GeV
were used. Figure 1 shows the yy mass spectra in the m

mass region. Typical n. identification efticiencies are
around 18% for multibody hadronic charm meson de-
cays. The acceptance only depends slightly on the kine-
matic variables in the D meson rest frame, and this effect
can be modeled reliably because of the sharp cutoff on the
m energy in the laboratory. We observed K decays
through the decay ICz —+a+n which occurred down-
stream of the silicon microstrip detector. Kz candidates
were found by forming two-track vertices using tracks
detected in the 35 plane drift chamber system. The dis-
tance of closest approach of the two tracks was required
to be less than 0.5 cm and the m+m invariant mass had
to be between 0.480 and 0.514 GeV/c . Decay pions
from this vertex were required to have a combined
Cherenkov probability of greater than 0.1. This cut
means that all the tracks are consistent with being pions.

Events for the D +K m+m+m— analysis were select-
ed with the additional requirement that the combination
of four tracks had a joint Cherenkov probability of 0.15
or greater. This is a requirement that the kaon be posi-
tively identified in the Cherenkov counter and other
tracks are consistent with pion identification. For events
consistent with the decay D *+~D ~+,
D ~K m+n+n, w.e req. uired 6(S,=br/o. , 15

where hz is the separation between the production vertex
and the charm vertex in the beam z direction and 0, is

the measurement error of the vertex separation [8].
These events also were required to have a fifth track with

momentum greater than 1 GeV/c, a pion Cherenkov
identification probability greater than 0.2, and momen-
tum consistent with a D'+ decay. We also included
events with S, & 15 and no D'+ cuts. The D*+ require-
ment greatly improves the signal to background but also
has no effect on the resonance subcomponent contribu-
tion since it is independent of the D decay . The data
sample yielded a signal of 1745 events over a background
of 800. Figure 2 shows the invariant K ~+~++ mass
plot. The fit, which is described in more detail later, is
represented in the figures by filling mass bins with signal
(background) contributions from the reconstructed
Monte Carlo (phase space} data weighted by the ap-
propriate terms from the likelihood function. We mea-
sure the ratio by branching fractions to be

B D K n+m+n '

B(D ~K ~+)

If we use Mark III's measurement [6] of
B(D ~K n.+)=( 4/2+ 0.4+0.4)% we find

B(D ~K ~+~+a )=(7.1+1.1+1.1)'%//, which agrees
with the Mark III measurement of
B(D ~K n+m+m }=(9.1+0.8+0.8)go [6].

For the channel D ~K m+m m, two independent
samples were obtained with identified m. 's: those con-
sistent with the decay of D*+~D ~+ and those not
from a D*+ decay. For the sample obtained from the
D'+, a cut was made on the mass difference between the
D*+ and D requiring a slow pion, with S,)8. The
second sample included events with S, ~ 15 and excluded
events consistent with D *+ decay.

Figure 3(a) shows the K n+n ninvariant .mass plot

for events consistent with a D coming from a D '+. The

fit finds 16.3+5.6 events. The significance of this signal

compared to the hypothesis of zero events is 3.60.. Fig-
ure 3(b) shows the invariant mass plot for those events
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not having a D*+. There are 29.5+11.9 events in the
peak, aIso a 3.6' eFect. The ratio of branching fractions
in the first sample is

0 0 + — 0B(D ~K rr n ~) 3pyl lypg
8(D ~K m+m )

while the second sample gives R =2.6+1.2+0.8. The
combined ratio of both samples gives R =2.8+0.8+0.8.
Using the branching fraction measured by Mark III [6]
for Do~K om+n of (5.6+o ~6)%, we find

8(D ~K mr+a n )=(1 57+4.9+4.5)%%u' .

There were not enough events in this mode to perform a
resonant subcomponent analysis.

For the D+ candidates we required S,) 15 and no ex-
tra tracks passing within 80 pm of the decay vertex. A11

tracks in the decay vertex were required to pass closer to
the decay vertex than to the production vertex, which
reduces the efBciency by only a few percent and has no
differential effect on the angular distribution. (The small
acceptance hole in the laboratory frame is randomly
oriented with respect to any performed direction in the D
rest frame because the D is a spinless particle. ) For the
D+ —+E ~+~++ analysis the decay vertex included

only the 3 pions. The three charged tracks in the decay
vertex were required to have a combined Cherenkov
probability of greater than 0.12. The sample consisted of
229.4+17.0 events over a background of 133 events.
This is shown in Fig. 4. After correcting for the K o~Kz~
and Eg ~n+rr bra.nching fractions, the relative branch-
ing fraction of

D+ Ko + +
R = =0.77+0.07+0. 118 (D+ ~K n+m+ )

is found. Combined with the Mark III [6] branching
fraction for D+~K n+m. + of (9.1+1.3+0.4)% one
finds the value for 8 (D+ ~K n+ir+n .}
=(7.0+1.221.0)%, which is also given in Table I. This
agrees well with the Mark III measurement of
(6.6+1.5+0.5)%%uo from their sample of 209220 events
[6].

Figure 5 shows the invariant E m.+a+~ mass spec-
trum. Events consistent with the decay chain
D '+ —+DE+, D0~EC ~+m were excluded in this
analysis. The fit found 90.8+12.4 events at the D+ mass
and 53 events in the background region, which corre-
sponds to a relative branching fraction

8D+ KR = =0.76+0. 11+0.12 .8 (D + +K n+n)-. .

The systematic error comes principally from the uncer-
tainty in modeling the m in the Monte Carlo simulation.
Using the Mark III absolute branching fraction for
8 (D+ ~K n +@.+ ) given earlier [6], we find
B(D+~K nm+n)=(6. 9+. 1.4+.1 1)% (see Table .I}.

TABLE E. Relative and absolute branching fractions. The Snal column uses information on absolute
branching fractions from Ref. [6].

Mode A

Do-E 0~+~-H
D+~E m.+m+~
D+ EC nn m

Mode B

Ko~+~-
sc-~+~+
EC

8{mode A)/8{mode 8)

2.8+0.8+0.8
0.7720.07+0.11
0.76%0.11+0.12

8(mode A) (%)

15.7+4.9+4.5
7.0+1.2+1.1
6.9+1.4+1.1
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TABLE II. Results for best fit of D ~K ~+sr m. decay. We normalize all branching fractions
directly to the Mark III absolute branching fraction [6] B(Do~K rr rr+rr )=(9.1+O.8+0.g)%.
This is because our branching fraction for this mode must be tied to the Mark III absolute branching
fraction for D ~K n.+. The definition of the phase is included in the text. The final column includes
corrections for the branching ratios of the intermediate resonances such as K*,a „and p.

Amplitude

Four-body nonresonant
K "(~+~-)s
(K p ),~+
K a I+ (1260)

O
pi. =0

+0 0K pL=q

Fraction (%)

23+2+3
11+2+3
5+3+2

47+5+10
25+3+4
17+3+4

Phase

0.0
—2.0+0.1
—0.7+0.3
—2.7+0.1

2.9+0.1

—0. 1+0.1

Branching fraction (%)

2. 1+0.3+0.3
1.5+0.3+0.4
0.5+0.3+0.2
8.6+1.2+1.9
3.4+0.5+0.6
2.3+0.5+0.6

K p n.,+„
K*-:-"...
K+0 0

ptot

80+3+5
20+4+2
13+2+2

7.3+0.7+0.8
2.7+0.6+0.3

1.8+0.3+0.3

III. FITTING PROCEDURE
FOR RESONANT SUBSTRUCTURE

A multidimensional maximum likelihood fit was per-
formed to determine the resonant subcomponent contri-
butions. The fitting procedure used is the same as that
done by Mark III [7] for their E3n analysis. The input
data to the fit are the five two-body masses from each
data event. The maximum likelihood fit to the Nd„, real
data points minimized the function

—2lnF(M;, m2;;S, MD, o,ak, pk ),
I =1,Nd t

where F was the trial probability density function. Here
M and m2 refer to the experimentally measured value of
the four-body mass and the set of five independent two-
body masses. The parameters S, MD, and 0 represented
the measured D signal, mass, and resolution, respectively.
The parameters S and MD were fixed by a preliminary
mass fit while the width was determined from the Monte
Carlo data. The form of the probability density function
Fwas chosen to be a sum of a background term and a sig-
nal term:

Nd„, —S F~ S FF= +
Nd„, N~ Nd„, Ns

where Fs=ePB(M, m2, Pk) and Fs=egl & (m2, ak)l
Xexp[ —(M —MD) /2o~]. The quantities ak and Pk
were used to parametrize the signal and background
probability density functions. To maximize the likeli-
hood, the e5ciency function t. and the four-body phase-
space density P, which did not depend on the fit parame-
ters, were factored out of both the signal and background
terms, but were accounted for in the Monte Carlo calcu-
lation of the normalization constant Nz and Nz.

The background term B was written as an incoherent
sum of normalized functions in the form of a nonresonant
background plus terms for possible K' and p contribu-
tions. The parameters Pk, which included the relative
contribution of resonant components to the background
and adjustments to the nonresonant background shape,
were fixed by fitting to F~ only in the region of data at
least +3cr away from MD. The amplitude A (m2, ak ) was
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FIG. 6. ~+~ invariant mass for events with the
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tions plotted per event. The data are depicted as in Fig. 2.
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TABLE III. Limits at 90% confidence level from
D0~K m-+m. +m- .

Amplitude

K0 0
PL. = I

Kl (1270)m+
K a 2+ (1320)
IC Ofo(975)
K fo(975)n +

Branching fraction (%)

~ 0.9
~ 1.3
~ 0.2
~ 0.7
+ 1.1

the sum of complex coefficients ak times individual
I.orentz-invariant matrix elements which were construct-
ed from the measured four momenta of the particles.
Relativistic Breit-Wigner forms, with widths corrected
for the p dependence of the center-of-mass momentum
and modified with a range parameter, were used in the
matrix elements [7]. All matrix elements were construct-
ed to be symmetric under the interchange of the identical
~+ in the final decay products.

For the final fit, the Cartesian coordinates of the com-
plex coefficients were the only parameters allowed to
vary. Normalization of the likelihood function was done
at three levels. First, each individual amplitude was nor-
malized so that the phase-space integral of its square was
unity. Second, one amplitude coefficient was fixed and
the overall normalization between the signal and back-
ground terms was determined by integrating each term
over phase space. This integration was done using Monte
Carlo methods to account for the efficiency. Finally, the
total set of amplitude coefficients was renormalized so
that the total phase-space integrated squared amplitude
was unity. Relative branching fractions were defined as
the square of the individual complex coefficients of the
matrix elements and corrected for the appropriate
branching fractions of the resonance decay channels. Er-
rors for these and the phases were derived through the
covariance matrix as determined by the minimization
program.

IV. D ~K m+m'+m

For the D —+E m+ m. +m analysis, amplitudes were
defined from I.orentz invariant combinations of the four-
momenta and polarization vectors of the decay products.
A constant amplitude was defined to model the totally
nonresonant contribution to the decay. Next, three-body
amplitudes containing either a p or E * were defined.
For each of these, there were several combinations which
differed only by the partial wave of the two nonresonant
particles of the decay. Three two-body amplitudes for
E p were defined corresponding to partial wave con-
tent of L =0, 1, and 2. Finally, two-body amplitudes
containing a higher mass resonance such as K, (1270),
a &+ (1260), and a 2+ (1320) were defined.

There were many possibilities of combinations of these
amplitudes for inclusion in the trial fits. This was compli-
cated because different amplitudes were highly correlat-
ed, and interfered. A basic fit was defined using only one
term for every major resonant mode (K p, Kpm, . . . ).
Specifically, only one amplitude for each of the three-
body E* m. +~ and E p m+ channels was included.
Additional amplitudes of these types are strongly corre-
lated with each other. It was found that the EC

' with
the m+n in an s wave [K (n+n )s] and the p with
K p in a vector state [(K p )„m+] gave the most
significant contribution to these channels. The E chan-
nel was clear1y important, but the significance of the Epm.
channe1 was small and varied with the exact conditions of
the fit. Additionally it was found that both an L =0 and
L =2K '

p amplitude were significant and increased the
likelihood. To determine the "best" it, additional ampli-
tudes with differing partial waves were added in and kept
only if they improved the likelihood a significant amount,
corresponding roughly to 2'. The systematic error as-
signed takes into account the variation in the amplitudes
when marginal terms are added to or removed from the
fit.

In the best fit we found the largest singIe component to
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TABLE IV. Results for best fit of D+~K m+~ ~ deccay. All branching fractions are calculated
assuming B{D+—+K m m+m )=(7.0+1.2+1.0). The definition of the phase in the third column is
found in the text. The final column includes corrections for the branching ratios of the intermediate
resonances such as K, a „and p.

Amplitude

Four-body nonresonant
K opom-+

K* m-+~~+„

K a,+(1260)

Fraction (%%uo)

10+4+6
7j4+6&17

33+6+14
83+14+20

Phase

0.0+0.3
—2.8+0.2

2.7+0.3
0.0

Branching fraction (%%uo)

0.7+0.3+0.4
& 1.3

3.4+0.7+1.5
11.6+2.9+3.2

Q +
po~tot 60+10+17 4.2+1.0+1.3

be due to the K a,+ (1260), (47+5+10)% of the total as
given in Table II. The only other two-body mode K '

p
constitutes only (13+2+2)% of the total. Systematic er-
rors were estimated by varying conditions of the fit.
These included the width, central mass, and range pa-
rameter of the relativistic Breit-Wigner resonance func-
tions. Also taken into account were the Monte Carlo
statistics, amount of resonance contribution depending
on the choice of the partial wave for the K p m. + and
E ' ~+m terms, and whether or not additional arnpli-
tudes for higher mass resonances were included in the fit.
The total systematic error was defined by adding the indi-

vidual systematic errors in quadrature. The errors on the
E p m+ and E' ~+~ terms include the effects of us-

ing different partial waves for the two nonresonant parti-
cles and the results should be interpreted as the amounts
of partial nonresonant contributions irrespective of the
specific partial wave. The total of K p m+, EC

' m. +~
and E '

p are also shown taking into account the in-
terferences between the various channels. Figures 6 and
7 show the m+~ and I%' m. + projections from the best
fit. Figures 8 and 9 show the three-body mass eornbina-
tions for the best fit. Upper limits for additional ampli-
tudes are shown in Table III.

V. D+ —+K @+++A'

For the D+ channels we again had to choose which
resonances to include in the fit. Because of the smaller
size of the data sample in these channels, a slightly
different approach was taken. An initial fit, which was

the best for the minimum number of matrix elements,
was found to be adequate. An additional component was

allowed to remain in the fit only if it increased the log of
the likelihood by 4.5, which is equivalent to requiring a
30 gain by adding the term. After the best fit was found,
other terms were added one at a time to determine upper
limits on them.

There is no K*p component possible in this channel.

We looked at the decay channels to (1) nonresonant
four-body; (2) three body-E p m. +; (3) three-body
K" n+n+; . (4) K a 1+ (1260), a &+ ~p m+; (5)
K a2+(1320), a2+ ~p n.+; (6) K,(1270)n+, K, ~K p;
(7) K, (1 400)n+, K, ~K" m. +; and (8) E fo(975)m.+,
fo +m+m —. For the three-body amplitudes all two-body
combinations in a relative s wave and p wave were tried
as well as just the phase-space distribution.

For the initial fit of the background function using the
D+ sidebands, fractions of 33% p and 6% K* were
found. The best fit included four terms: nonresonant
four-body p (K n+)„ph ase-space K" m+m. +, and
K ai+(1260). Table IV shows the subcomponent frac-
tion, branching fraction, and phase of the coeScient of
each component. After determining that most of the
branching fraction comes from K Oa,+ ( 1260),
(83+14+20)%, we set its phase to zero and measured the

remaining phases, including that of the nonresonant com-
ponent, with respect to it. Table V shows the upper lim-
its of the other terms when added into the best fit one at a
time.

The three-body Kpm term marginally improves the fit,
but with the systematic error is consistent with zero. The
p (K m+ ), term gives the best fit and other angular dis-
tributions of Epm not only give poorer fits, but the frac-
tion found is less. Since the Kpm terms are linear com-
binations of each other, we choose to quote the upper
limit for all Ep~ as the upper limit obtained using the
p(K m+), term in the fit. The fit also obviously prefers
having the K a,+ (1260) term. The total amount of Kpm
in both two-body and three-body modes is the constant
given in Table IV. We have accounted for the fluctuation
of E a,+(1260) due to inclusion of three-body Kpm.

TABLE VI. Results for best At of D+~K m+~+~ decay.
All branching fractions are calculated assuming
B(D+ E m+m+m )=(6.9+1.4+1.1) %%uo.

Amplitude Fraction {%%uo) Phase Branching fraction (%%uo)

Amplitude Branching fraction (%%uo)

TABLE V. Limits at 90%%uo confidence level from
D+ K Q~+~+~-.

K p+m-+
K+0 + Q

K'-~+~+
K *'p+pL=Q
K pL o

18+8+4
44+6+11
8+4+3

10+5+3
10+6+3

2.4+0.4
0.0

—3.0+0.4
—2.4+0.2

1.6+0.3

1.2+0.5+0.3
4.5+1.2+1.3
1.7+ 1.1+0.7
1.0+0.5+0.3
1.0+0.6+0.3

K,(1270)m
K,(1400)
K a2 (1320)
K fo(975)m. +

(0.7(0.9
~ 0.3
~ 0.5

K p+sr„t
K go + Q

tot

K go
ptot

48+9+3
70+7+5

22+11+8

3.3+0.9+0.6
7.2+1.6+1.3
2.3+1.2+0.9
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TABLE VII. Limits at 90% confidence level from
D+ ~K- ~+~+~0.

30

Amplitude

Four-body nonresonant

K )(1400)m+
K+0 +

PI. =i

Branching fraction (%)

~ 0.2
~ 19.1
~ 0.9
&0.1
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FIG. 17. ~+a invariant mass for events with the
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TABLE VIII. Comparison of two-body decay branching fraction results with experimental results

from Mark III [7] and theoretical predictions from Wirbel, Stech, and Bauer (WSB) [3]. All branching

fractions are expressed in %.

Channel

K%0 0

K 40 +

K a &+ (1260)
K a(+(1260)
K a 2+ (1320)
K oa,+ (1320)
Ki (1270)n+
K,(1270)m

+

K', (1400)~+

1.8+0.3+0.3
2.3+1.2+0.9
8.6+1.2+1.9

11.6+2.9+3.2
~0.2
&0 3
& 1.3
&0.7
+0.9

Mark III

1.9+0.320.7
4.8+1.2+1.4
9.0+0.9+1.7
7.1+1.8+1.1

~0.6
+0.8

1.8+0.5+0.8
+ 1.1

4. 1+1.2+1.2

WSB

6
17
5
3.8

(K m. +m.+~ )„,n 2~y
(K ~+m+m )„,„2~y

~ )non 2 body

3.5+0.6
3.5+1.9
4.8+1.9

4.2+1.7
1.1+0.8
2.0+1.2

terms in determining the systematic error.
The level of K* n.+m.+ remained a constant regardless

of which angular momentum component was chosen.
However, the fit was significantly better using the
K' m+m+ term with no angular dependence, which in-

dicates a mixture of angular momentum components. A

K, ( 1040)m+ term however, never improved the fit. This
contrasts with the Mark III results [7] where they found

(27.7+4.7+8.0)% of K,(1400)m+. Systematic errors for
the best fit were chosen to cover the range of fractions
found from reasonable fits within 4 units in log likeli-

hood. If the nonresonant term was left out of the fit, the

log likelihood dropped by 20 units. We therefore choose
to quote a fraction for it and not an upper limit, even

though with the systematic error included the result is
marginally significant. Figures 10-12 show the two-body
projections for the best fit. Figure 13 shows the K ~ m+

mass spectrum for events with the K m mass in the
K' region, and Fig. 14 shows the m. +m m+ mass with

the highest mass m+~ mass combination in the p region.

VI. D+ —+K m+~+m0

For this decay the following decay channels were con-
sidered: (1) non-resonant four-body; (2) three-body
K p+n+; (3) three-body K* n+m; (4) K &(1270)n+,

p+; (5) K(1400)n+, K, ~K' m+, .

K& ~K n; and (6) K p+ in a relative L =0, 1, and 2
state. As before, all combinations of the three-body de-
cays in relative s wave and p wave were considered.

The best fit included five terms: K (p+n. + )„
(K ' n+), n, K' n+n+ with phase space, (K ' p+)r
and (K* p+)L 2. Table VI shows the subcomponent
fraction, branching fraction and phase of each com-
ponent. After finding that the major resonant contribu-
tion was from K m+m, that phase was fixed to zero.
Table VII shows the upper limits of the other terms when
added into the best fit one at a time. Notice that the
K &(1270)m+ term gives a very large limit. We choose to
quote the limit obtained using the higher statistics mode
D ~K m. +m. +m which is much more sensitive.

Table VI gives the branching fraction for K p+m. + as

opposed to the specific angular component. Other angu-
lar components that gave a log likelihood within a few
units of the best fit were used to determine this number.
The K p+n. ,«entry in Table VI includes all contribu-
tions that have a p+ component, not just the three-body
component. The total K' contribution is also given.
The small errors on the these total resonance fractions
show the stability over a wide choice of decay channels
included in the fit. Contrary to Mark III [7], we do not
observe a K, (1400)m.+ component but observe a three-
body K ' ~+a component instead. The results of the
K m+m. +m analysis agree with those from the
D+~K m. +m+m analysis in channels common to both
decays.

Figures 15-19 show the fitted results for some two-

body and three-body projections. The K m+ mass plot
shows a clear enhancement at the K ' mass; however,
the m. +m and K m. plots show no clear resonances. It
would be very hard to see a p+ component of almost
50% because of its large width and because there are two
combinations per event. One should expect to see the
fraction (0.20+0. 12)n+n events in the p+ region in
events opposite a K ' .

VII. CONCLUDING REMARKS

Table VIII compares the two-body results reported in
this paper with measurements from Mark III [7] and the
predictions of Wirbel, Stech, and Bauer (WSB) [3]. The
most striking discrepancy with the WSB model is the
much lower results in the VV channels D ~K '

p and
D —+K p . This confirms a pattern seen in other VV

+ e0 +

decays such as D,+~Pp and D ~K p+ [7,9,10].
This may be related to the small branching fraction ob-
served in the semileptonic decays D+~K e+v, and
D ~K' e v, [11—14). As an example, in the factori-
zation picture of WSB, the VV decay rate for
D+ ~K p+ is dominated by the form factor
A&(q )(q =m ), which also controls the semileptonic
rate. On the other hand, there is some question whether
one expects factorization to work in the two-body modes
with such low final state momentum.
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The largest branching fraction seen is in the mode
K a,+(1260), which is also larger than the WSB predic-
tion. Indeed this is one of the largest branching fractions
yet measured. The D ~K a,+(1260) branching frac-
tion is also larger than the %SB prediction. Both of
these are also larger than the prediction of Kamal [4].
Kamal also suggests that final-state interactions will not
enhance the branching fraction predictions. The mea-
surements are generally in agreement with the Mark III
[7] results except in the mode K,(1400)m+ where we see
no signal.
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