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ABSTRACT

We report on a Dalitz plot analysis of 260 Dt and 290 Dy decays into K +tK-xt.
We measure the relative rate for each charmed meson decaying into ¢t KK™, and
nonresonant K+ K~ n+, and determine the D} mass. In addition, we measure the rel-

ative branching ratios for the decays of D} and Dt into ¢xTxtx~ and nonresonant
KtK ntax™t.
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Although there has been a systematic study of the hadronic decays of the Dt and D°,
this has not yet been possible in the case of the DY. The D, was first observed in the decay
modes ¢zt,1 and K'°K +,2,3:4 in which the background is reduced by the selection of the
pseudoscalar-vector (PV) final state. We have already published D lifetime measurements
from Fermilab experiment E-691, using these two modes.3:5 For the present analysis, which
involves the full 108 event data sample, we apply additional vertex separation cuts which
are not suitable for the lifetime analysis. The resulting sample includes about 250 Dt
and 290 D decays into the mode KT K~ nT with very little background, even without
selection of the resonant components. In this paper we present the results of a Dalitz
plot analysis of these samples, and we demonstrate the extent to which these decays are

dominated by the quasi-two-body PV channels. In addition, we give the results of a study

of the modes ¢ntx~ 7t and nonresonant Kt K~ nt»—xt.

For the study of three-particle states, we choose events satisfying the particle identi-
fication assignment K+ K ~n%. (Throughout the paper, the charge conjugate states are
implicitly included.) We require the three charged tracks to form a good vertex, and the
line of flight of the reconstructed charm candidate passes within 75 um of a reconstructed
primary vertex candidate, Candidates which decayed at least a distance L downstream of
the primary vertex are selected as charm candidates. This distance L is chosen to be 6a,
where o is the error on the distance between primary and secondary vertices. The value
of ¢ is typically 300um for the average D momentum of 60 GeV /¢, and increases linearly

with momentum.

The above criteria for selecting charm decay vertices were effectively those used in
the lifetime analysis.3® We use two additional cuts in the present analysis to reduce the
background further. If any other track in the event passes within 80 um of the secondary
vertex, the event is discarded. We also demand that none of the three tracks from the

secondary vertex passes closer to the primary vertex than to the secondary. The two cuts
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keep about 75% of the D} events which pass the earlier cuts, but reduce the background

by a factor of about six.

The KTK~ 7t mass spectra after these cuts are shown in Figure 1. In both the
¢nt and K °K+ samples there are very clear peaks for the D} decay and the Cabibbo-
suppressed DV decay. Figure 1(¢) shows the mass spectrum for those events not included
in either the ¢nt or K"K+ samples. For this mass plot there is an additional cut ¢t > 0.2
ps, where t is the proper time calculated from the minimum distance L. For the first time,
we are able to observe the decay of the D} to nonresonant X+ K ~n%, with a significance

of about five standard deviations after subtracting the feedthrough from K*° K™ decays.

The small background allows us to analyze the complete K K# Dalitz plot and extract
the individual contributions. Figure 2(a) shows the plot for the DT mass region, 1.856-
1.882 GeV/c?; figure 2(b) shows the plot for the D} region, 1.954-1.982 GeV/c?, The ¢x+
and K*°K™ bands are evident in each plot.8 There is also a flat distribution of events in

each Dalitz plot, due to a combination of nonresonant K+ K~ 1 decays and background.

Because the decay time distribution of the signal is quite different from that of the
background, we are able to make an additional separation of the charm signals from back-
ground. We perform a maximum likelihood fit using the M2(K K7x), M%(KK), M%(Kr)
and the decay time, t, of each event. The charmed meson is described by a Gaussian in
mass and an exponential time distribution with [ifetime 0.47 ps. The number of events
coming from each of the three components, ¢x, K* K and nonresonant KK, is allowed
to vary, as is the phase;f the background amplitude. The normalization and distribution
of the background are fixed from the -mass regions outside the charm peaks. In addition,
in the D} fit there is a small contribution from misidentified D¥ — K~xrtx* decays.
We find 122 + 12 ¢nt, 117+ 13 K °K™, and 48 + 13 nonresonant (nr) K~ K17 events
from the D} fit. The results of the D fit are 84 £10 ¢x+, 73+ 11 K “K+, and 96 + 13

nonresonant K~ Kz,



It is convenient to give the branching ratios relative to Df — ¢+, which is the
mode seen most commonly. There is no measurement yet of the absolute branching ratio,
although indirect arguments indicate B(D} — ¢2t) =~ 4%.1 The relative acceptances
are determined by a Monte Carlo simulation. After corrections for acceptance we find the

ratios given in Table 1.

The results from the Dt fit can be combined with our measurement of the decay mode
Dt - K~ x% 2t to measure the relative branching ratios to the best-measured D* mode.
The results are shown in Table 2. The systematic error is dominated by the error in the

probability of identifying the extra kaon.

With this large sample of D} — KTK 2% events and good mass resolution we are
able to measure the D} mass with high precision. The uncorrected result is M(D]) =
1967.7 £+ 0.7 MeV/c?. A small systematic offset to the mass scale is determined from a
study of the DT — KTK~ 7t and DT — K~ ntx™* samples, for which the kinematics
are very similar. The result for the DV is M(D%) = 1868.7 + 0.3(4¢at) MeV/e?, which is
somewhat lower than the world average of 1869.3+0.6 MeV/c2. Since the systematic error
on our mass scale is larger than +0.6 MeV/ ¢, we use the Dt mass to shift our mass scale,
resulting in a corrected mass of M(D}) = 1968.3 £ 0.7 + 0.7 MeV/c2. The systematic

error is dominated by the absolute uncertainty in the D" mass.

We have also looked at the K* K~ xTx~x% final states, using vertex cuts very similar
to those used in the K K analysis. Figure 3(a), shows the five-prong invariant mass with
the K+ K~ mass constrained to the ¢ region. There is a clear peak at the D} mass with a
significance of 5.6 standard deviations, but there is no peak at the D*. Figure 3(b} shows
the K* K~ ntx~xt invariant mass where K+ K~ mass combinations consistent with a ¢
mass are excluded. There is not a clear peak at either the D or DF. Both plots show
curves that are the results of fits which allow gaussian D and D peaks, and a background
term which is linear in the mass. In the ¢xta~ ¥ plot there are 19.5 + 4.7 events in the
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D; peak, and 0.0 & 0.6 at the Dt. The result of the fit for the K* K~ xtx~x+ plot
gives 9.5 + 8.4 events at the D} and 8.9 & 7.4 events at the D*. Correcting for efficiency,
background under the ¢ peak, and ¢ mesons not included in our cut, we obtain the relative

branching ratios given in Tables 1 and 2.

These measurements provide insight into D and Cabibbo-suppressed Dt decays.
The decays DY — ¢t and Dt — K'°K* are described by the spectator quark diagram
sometimes referred to as color aligned;’ the decays Dt — ¢t and D} — K*°K™ on the
other hand proceed via a diagram without automatic color alignment. Our measurement of
T(Df - K" K+)/T(D} — ént) = 0.87 £0.13 £ 0.05 is lower than the ARGUS result of
1.44+0.37.2 The fact that this ratio is approximately unity confirms that the two spectator
diagrams are approximately equal. This is in agreement with the situation in Cabibbo-
suppressed DT decays, where we measure the ratio T(DT — ¢x+)/T(D* — K°K*) =

1.4 + 0.3, and Mark III measures the same ratio to be 1.7 +0.9.8

The first measurement of the nonresonant D} — K~ KT+ shows that it accounts
for only 20% of all K~ K*x™* decays. This is similar to the situation in the decays D° —
K-xtno, Dt — K°2%#° and D° — K°a*tx~, where the PV decays dominate, although
the D* — K~ ntxt decay seems to be somewhat anomalous.? The ability to observe a
rather small decay mode of the D, without the benefit of resonanse selecting cuts is a

measure of the effectiveness of using the vertex separation cuts to reduce background.

Measurements of multibody final states are important in determining whether two-
body modes dominate in charmed meson decay. The dominance of two-body modes is
important for models which describe the ratios of lifetimes by summing the predicted decay
widths for such modes.!? Our relative branching ratio for D — ¢xtn~x T is smaller than
the ratio 1.114-.37 +.28 measured by ARGUS.!! It is also smaller than, but consistent with
our previous measurement using a subset of the present sample.1? The change is due to a
better determination of the efficiency in addition to the effect of more data. The #*#™
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mass distribution for events in the DF — értx~xT peak is not consistent with a phase
space distribution, but consistent with the distribution expected for the ¢p°n™ final state.
It is impossible to measure the amount of nonresonant ¢ntx—xt with our statistics. We
also can not rule out the possibility that the gzt a~x" system is dominanted by the quasi-
two-body decay D} — ¢a;1(1270), a3 — p°rt. Although at the central value of the a;
this decay is not allowed, the tail of the Breit-Wigner extends well into the kinematically

allowed pm mass region.
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FIGURE CAPTIONS

1. The K+ K~ n+ massspectra for the (a) ¢z, (b) K'°K™, and (c) nonresonant K~ K+x+
final states. All three samples have a cut on vertex separation, as described in the text.
There is an additional cut on the decay time of ¢ > 0.20 ps in the nonresonant sample.
The curve represents a fit with Gaussian peaks for the DV and D7} and a straight-line

background.
2. The Dalitz plots for K~ K1x* events in the (a) D" and (b) D} regions.

3. The K* K~ x*x~nt mass spectra for the (a) ¢ntr~ 7% and (b) (KT K~ nta"nt),,

final states. The curves show the results of the fits described in the text.



Table 1. D} branching ratios (BR) relative to BR(DF — ¢nt).

Decay Mode

BR/BR(D} — ¢nt)

D} — KK+
(Dj- - K‘-K+7r+)nr
Df — ¢ntn—nt

(D;" S KtK xtx~ 2 )

0.87 +0.13 + 0.05
0.25 + 0.07 & 0.05
0.42 +0.13 + 0.07
< 0.32 (90% C.L.)

Table 2. D% branching ratios (BR) relative to BR(DY — K~ #x*x*) and absolute

branching ratios.?

DY w ¢ata—at

(Dt — K¥K~xtx"at)pr

< 0.002 (90% C.L.)
< 0.03 (90% C.L.)

Decay Mode BR/BR(D* — K~x*x*) | Absolute BR (% )

Dt — ¢n™ 0.071 £ 0.008 =+ 0.007 0.68 £ 0.07 + 0.12

Dt 2 KKt 0.058 £ 0.009 + 0.006 0.56 £ 0.08 + 0.10
(Dt = K~ Ktat)a 0.049 = 0.008 + 0.006 0.47 £+ 0.07 + 0.09

< 0.02 (90% C.L.)
< 0.24 (90% C.L.)
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