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FIRST RESULTS ON D DECAYS FROM MARK III*
JAY HAUSER
(Representing the Mark IIl Collaborationll)

California Institute of Technology
Pasadena, Calsfornia 91125

ABSTRACT

We present a preliminary analysis based on 60% of the current Mark Il data sample
taken at the W". Several new D decay modes have been found, and several others are con-
firmed. Dalitz plots of four Cabibbo-favored K7 decays are presented. We make a qualitative
comparison between DO decay rates in the Cabibbo-favored K ~7t mode, and in the Cabibbo-
suppressed K* K~ and 717~ modes. Finally, we discuss the future prospects for D meson
analysis by Mark III.

* Work supported by the Department of Energy, contract DE-AC03-81ER40050.
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1. Introduction

The discovery of the ¥" has made available new opportunities for studying the decays of
charmed particles. The width of the resonance is more than two orders of magnitude larger
than the widths of the ¥ and ¥/, because its mass lies above the threshold for decays to openly
charmed particles. In fact, the ¥ is not massive enough to decay into D D*, but decays almost
100% to D D pairs. For an e*e™ experiment, this gives running at the center-of-mass energy

of the ¥" several advantages:
1. Alarge D D production cross-section of 8 nb, or about one-fourth of all hadronic events.

2. The D’s are produced at a fixed momentum, providing an important means of isolating

D signals from background.

3. The momenta of final-state particles from D decays are low, allowing effective particle

identification by time-of-flight and dE/dX measurement.
At this time, Mark III has accumulated a total of ~ 9000 nb™! of data at the ¥”, of which

~ 5000 nb~! was used in this analysis. Results presented are preliminary, and primarily

qualitative in nature.

The study of D decays focuses on two questions; the elements of the weak quark mixing

matrix, and the mechanism of weak hadronic decays of heavy mesons.

2. Weak Mixing Matrix

The elements of the weak quark mixing matrix relevant to charm decay are V.4 and Vc,.2|

The ratio of these matrix elements can be measured unambiguously in the semileptonic decays
of D’s:

BR(D® — 1=e*tve)  BR(D* — 1%tve) _ |V 4|
BR(D% — K—¢tv,) BR(D* — K° etve)

Ved
VCU

up to phase space and form-factor corrections. The Cabibbo-suppressed semileptonic modes
are very difficult to measure however, because of the missing neutrino, and because of their
small branching ratios. It may be possible for the Mark IIl to measure these matrix elements

using hadronic D decays, by measuring ratios such as:

BR(D* - %% 1 2

BR(D* = K%z+) 2

Ved
Ver

The final states in both numerator and denominator are exotic =2 and I=3/2 states, pre-

sumably free of final-state interactions.
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Another interesting prediction for hadronic final states relies on SU(3) flavor symmetry

and the relation:

VegVes + VygVus = 0

. This approximation is valid in the Kobayashi-Maskawa framework if the B lifetime is as long
as has been reported.3l One can then derive the relation among Cabibbo-suppressed decays:

BR(D® — K*K~) _ BR(D® - n*r™) _ [Vq?

BR(D"— K-n¥)  BR(DO—K-7%)

Ved
Ves

Data from Mark II appeared to be inconsistent with this relation.tl We present a comparison

of these modes with higher statistics in section 8.

3. The Mechanism of Hadronic Charm Decay

Based on the mass of the charmed quark, it was first thought that QCD calculations
within the Light Quark Spectator model [Figure 1(a)] might be able to predict the pattern
of charmed meson decays.5l In particular, this model predicts equal Dt and D9 lifetimes.
Current experimental evidence suggests that the D* lifetime is significantly longer than that
of the DO. Several models have been proposed to explain this.

The Sextet Dominance®! model basically states that the piece of the charm-changing
Hamiltonian which transforms as a sextet under SU(3) dominates that piece which transforms
as a 15-plet. The justification for this assumption is that its analogue in strangeness-changing

non-leptonic decays predicts the familiar AI=1/2 rule.

ud —m— u,d

(a) Light Quark Spectator Model

‘c ¢ s
D° Only gw

F

(b) W-Exchange Model

[=Y)

4—384 4780A2

Fig. 1. Diagrams for
(a) the Light Quark Spectator model,
and (b) the W-Exchange model.
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The W-exchange7| model states that the diagram of Figure 1(b), which doesn’t exist for
Dt decays, plays a significant role in DO decays. In this model gluons are needed either
explicitly in the final state, or as a component in the D® wavefunction, to remove the helicity

suppression at the light quark vertex.

Detailed predictions of each of these models appear to disagree with the data. For instance,
the Light Quark Spectator model predicts suppression of D° decays to K 070 by a factor of
18 or more relative to K /'7r+, whereas the measured ratio is 0.7 + 0.4. 4] Sextet Dominance
predicts that the decay D* — K%x* should be highly suppressed, whereas the measured
branching ratio of (1.8 + 0.5)% is not particularly small. The W-exchange model predicts
a DY final state which is completely I=1/2, so that the ratio of D? decays to K 0 PP versus
K~ p* should be 1/2, whereas the data favor a much smaller ratio 4] It is clear, however, that

the experimental numbers need to be improved in order to clarify these discrepancies.

4. Detector

The Mark I detector,8| shown in Figure 2, was designed specifically to reconstruct exclu-
sive final states in e*e™ annihilation at center-of-mass energies between three and eight GeV.
It has particular advantages over earlier magnetic detectors at SPEAR in solid angle coverage
and photon efficiency. The main features of the Mark IIl detector which were used in this

analysis were:

/* Muon Counter
< - Muon Detector
LIIL Lg/ Steel

W - Shell
S Znek ] - - Solenoid
@ I ‘ ] ] = Shower Counter

~ Photo Tubes
" Light Pipe
* TOF Counter

- Luminosity
Monitor

- Compensator
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A
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Fig. 2. Side view of the Mark III detector.
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Solid angle coverage of 95% of 4« for photons, and approximately 93% of 4 for charged

tracks.

Charged particle momentum resolution of 1.5-2.5% over the relevant momentum range,
dominated by multiple Coulomb scattering.

High photon efficiency down to 50 MeV with energy resolution given by the equation:

AE = 18% X VE where E is in GeV

Particle identification by time-of-flight (TOF) over 80% of 47 solid angle, with time
resolution of 190 ps for hadrons.

5. Known D Decay Modes

We first present our signals in six all-charged D decay modes which have been previously

observed. Identification of these modes is made through the following procedure:

1.
2.
3.

TOF identification is required for charged kaons.
Charged particles which are not identified by TOF are called pions.

KO decays are identified in the mode K? — x*x~. Loose cuts are imposed on the K?

vertex displacement from the interaction region, and on the #¥x~ invariant mass.

All combinations of a desired final state are made. We then form the quantities invariant

mass, and beam-constrained mass, defined as:

Mpc = |/ (Byeam)® — (X i)

These should be equal to the D mass for final states resulting from D decays.

A cut of +2.5¢ is imposed around the D invariant mass, and the beam-constrained mass
is plotted.

The resulting beam-constrained mass plots for the D decay modes K~x+, K~ x*x*,

K-ztztz—, and K®x*, K%x*x~, K®x*x*x~ are shown in Figure 3. The size of these

signals are between two and five times larger than in any previous experiment. Table I com-

pares the number of signal events with the numbers reported by Mark 4 from SPEAR. In

all modes, there is agreement within the statistical errors.
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Table I - Comparison of Production of D Decays at the ¥”

Mode #Mk I | ¢(Mk II) |e(Mk II)* |# Expected* |# Seen*
K=t 263 +17 | 039 0.48 511+ 33 523
K—rtxt |2391+17 | 0.22 0.41 704 + 50 666
K-ntrtz— [185+18 | 0.095 0.23 708 + 69 602
KOnt 36+7 | 009 0.16 99+ 19 69
Kztz— | 3248 | 004 0.10 124 + 31 163
KPntrtr— | 2049 | 004 0.09 203 + 68 97
* Preliminary
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Fig. 3. Mass plots for (a) K~x*, (b) K~xtx*, (c) K~ ntntx™, (d) K07+,
(e) K9*x~, and (f) Kdr*a*tn—.

1.90

478084



501

8. Evidence for New Decay Modes

We present two D meson decay modes which were previously reported with marginal
statistics, and three decay modes which have not been reported. Several of these are modes
with a single 70, which are analyzed slightly differently than the all-charged decay modes. In
these modes, the energies of the two photons from the #? decay are refit, because of the poor

shower counter energy resolution, according to the two constraints:

E"/l + E'72 + Echg = Epeam

2E 1 Eo(1 — cosfy2) = mzo

The invariant mass is then plotted after a cut of 2 < 6 from the 2C fit to the photon energies.

Figure 4 shows signals in the modes D® — K% 70 and D* — K% x+20 which were previ-
ously reported 4 with 8+4 and 9+ 5 events, respectively. These signals contain 25 and 105
signal events, confirming these decays with much higher statistics. Figure 5 shows signals in
the previously-unseen modes D¥ — K~z +x+x0 and D® - K% z+x+x—1~. The two modes
show 65 and 14 signal events respectively.
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Fig. 4. Mass plots for (a) K970, and (b)  Fig. 5. Mass plots for (a) K~ xtr+x0,
KOrtx0, and (b) KOxr*+r+r—n—.
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Figure 6 shows a very clean signal of 11 events in the mode D? — K OK+K-. Our
efficiency is only a few percent for this mode because of decays of the slow kaons, so that this
signal actually represents a fairly significant branching ratio. This final state is of particular

interest% if it arises through the decay sequence
D° K049 ¢° L~ KtK~—

This particular decay is not allowed to occur via the Light Quark Spectator model, as the state
K° ¢° includes no u quark content, whereas the D? wavefunction does. The u quark of the
DO must therefore participate in the diagram, as in the W-exchange model. Figure 7 shows
the K* K~ invariant mass? plotted against the K 0 K+ K~ invariant mass, after a $50 MeV
cut around the D® momentum has been applied. It is clear that events cluster at low KK~
invariant mass only at the total invariant mass of the D?, while the phase space distribution
peaks at higher K+ K~ mass. However, the width of the K+ K~ mass? distribution appears
inconsistent with the K° #9 hypothesis, given our detector resolution. Additional data and

analysis should help to clarify this situation.

=
K I { T ]
o 1 T T =
o " KSKTK™ After +-50 MeV 8P Cut
=8 D°— KIK*K™ A
> < ]
(G} =
o = .
Sal - 2 * .
3 E : o Do
E 2 “-a e o« M(D)*
Z2| - \ 1M2(¢°)
Q _.X ///// % , i i
ﬂﬂﬂ H g 10 2 14 16 18
0 K*K™ INVARIANT MASSZ  (GeV) s
L5 2.0 25 3.0 . . 2
. INVARIANT MASS  (GeV)  «ae Fig. 7. Plot of K K~ mass® versus
KO9K*K~ invariant mass after a cut of
Fig. 6. Mass plot for KOK+*K~. 450 MeV around the D momentum.

7. D — K= Dalits Plots

The ratios between the various D meson decay amplitudes to pseudoscalar-vector Kp and
K*r final states are determined by the isospin content of the hadronic final state. Knowledge
of this content may help to distinguish between different models of hadronic D decays. In addi-
tion, the following triangle relationships between the D decay amplitudes can put constraints
on the D lifetime measurements, as they relate amplitudes for both D? and D+ decays.

AD® = K~ p*) + VBAD® — K°p%) — AD* - K®pt) =0

AD® - K*~ 1)+ V2AD® - K1) - AD* - K*%rt) =0
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Note in particular that if one of the D? decay amplitudes vanishes, it leads to an equality
between a D? decay amplitude and a D* decay amplitude. In this case, a measurement of

the branching ratios translates into an effective measurement of the D% to DP? lifetime ratio.

Table II contains the list of possible Cabibbo-favored Kp and K*r decays.
Table II - Cabibbo-allowed Kz D Decays

Resonance Final States
Kot K-xtx0
K°p° KOxtn—
KOt KO x+x0

K* nt KOxta-
K-—g+g0
K xt K- n%rt
KO x+a0
K010 K—ntx0
K°x0x0

We can observe all of these resonances, although the D® — K *0 40 decay is only visible
in the final state K~x+x0. Thus, for the first time, measurements of all three pseudoscalar-

vector decays in each triangle relation can be made.

Figure 8 shows the signal in K~r*x*. A cut of +5 MeV around the Dt mass furnishes
a sample of some 720 events over a background of 75 events. Figure 9(a) shows the resulting

Dalitz plot, with mg(_",, plotted against m;(_ﬂ+ . Some part of the decay seems to be
1 2

associated with K *° n%, as seen in the projection of Figure 9(b) at m}’(. .
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Fig. 8. Dt —» K~ a*x signal.
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Fig. 9. (a) Dalitz plot for D¥ — K~ n¥x*,
and (b) K~= projection.

Figure 10 shows the signal in K~7+x0. A cut of £5MeV around the D® mass furnishes a
sample of some 480 events over a background of 400 events. Figure 11(a) shows the resulting
Dalitz plot, with m;"r.,,x., plotted against m? fen+ - The Dalitz plot shows a strong K —pt
component, as shown in the projection in Figure 11(b). There is some evidence for K *0 70
and K*~ 7% production as well. Because of the L=1 decay of the p*, the angular distribution

of the pions has a cos?f distribution relative to the recoiling kaon. This means that the
K7t mass distribution within the p
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Fig. 10. D% — K~ x*#9 signal.
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Fig. 11. (a) Dalitzplot for D® — K—x+79,
and (b) 7+ 70 projection.

signal peaks both at high and low mass?, as can be seen in the Dalitz plot. This is a charac-

teristic of all pseudoscalar-vector decays of D mesons.

Figure 12 shows the signal in K® 7+7~. A cut of £5 MeV around the D® mass furnishes a
sample of some 153 events over a background of 25 events. The Dalitz plot is shown in Figure
13(a) with mf(o”l plotted against m?{oﬂz . There are strong signals in K*~ and its charge
conjugate to be seen in both horizontal and vertical bands at m%{. . Another choice of axes
is shown in Figure
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Fig. 12. D9 — K9 r~ signal.
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,  Fig. 14. (a) Dalitz plotfor D® — K97+x—,
and (b) K 27 projection.

and (b) 7+x~ projection.
14(a), with mih_ plotted against mf(o _ The Dalitz plot and the 7¥7~ projection below
in Figure 14(b) show that the amount of K 0 p° decay appears to be rather small.

The final Ka7 Dalitz plot comes from the K ° 7+ 0 signal shown in Figure 15, which has
92 signal events over a background of 115 events in the +5 MeV signal region. Figure 16(a)
plots mih" against m2K°7r +
component in this decay.

within the K0 x+70 signal. It appears that there is some K 0 pt
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Fig. 15. D* — K%xtx0 signal.
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8. Comparison of D° Decay to K7t Relative to K*K~ and 7tx~

The Cabibbo-allowed decay of the D? to K—xt is very similar experimentally to its
Cabibbo-suppressed decays into K* K~ and % x~. The efficiency for the K* K~ and n+x~
modes differ by less than 20 % from the K~7% mode. Figure 17 shows the signals in these
three modes, made with identical cuts except for the TOF classification. The horizontal axis
plots invariant mass. The vertical axis plots the difference between the observed momentum
and the expected D momentum. The K~x% plot shows a large signal at the D? mass and the
correct momentum. The K+ K~ plot shows a smaller peak at the D mass and momentum, and
another peak at the correct momentum, but with mass at 1.985 GeV. This peak arises from
K~n% events where the pion has been misidentified by the TOF as a kaon, which increases
the invariant mass. Likewise, in the 7+x~ plot, there is a misidentification peak at 1.740 GeV
arising from K ~x*% events where the kaon has been misidentified as a pion. The =#*x~ plot
shows only a small enhancement in the D? mass region.

The projections in invariant mass are plotted in Figure 18 for these signals after a cut of +
40 MeV/c has been applied around the D® momentum. The K~z plot was fit to a gaussian
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plus a quadratic background term. The fit number of events is 453425 with a sigma of 19
MeV. Then the K* K~ and %7~ plots were fit to a gaussian with mean fixed at 1.864 GeV
and sigma fixed at 19 MeV, plus a gaussian centered on the misidentification peaks with 21
MeV sigma (folding in a smearing due to the Lorentz boost of the D9), plus a linear background
term. The fitted number of events were 52 4 8 in the K* K™ mode, and 14 £+ 5 in the #+x~

mode.

These results appear consistent with the Mark Il measurements, and provide further ev-
idence that the D? decay to K* K~ is preferred relative to 7t x~. Measurements of other
Cabibbo-suppressed modes such as 7+x% may help to separate SU(3) breaking effects from

those due to the mixing matrix.
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9. Future Prospects for D Analysis By Mark Il

At present, the sum of published branching ratios of D mesons to exclusive final states
is 23% for the DO and 28% for the D*. We naturally wish to fill out the list of vari-
ous D decays. In particular, measurements of the two-body and quasi-two-body decays in
pseudoscalar-pseudoscalar, pseudoscalar-vector, and vector-vector modes are to be compared
with isospin and SU(3) predictions of various D decay models. We also are looking for decays

involving %, 7', w, and ¢ which may serve to distinguish between the D decay models.

Measurements of D branching ratios have always been tied to knowledge of their produc-
tion rate. At the ¥, one assumes that all decays are to D D pairs, with the ratio of charged
to neutral pairs determined by the D masses. The branching ratios are thereby dependent
on several assumptions, and to the shape of R in the region of the ¥”. With our large data
sample, we intend to determine absolute branching ratios by an independent technique, com-
pletely free of these assumptions. The branching ratio to a particular large decay mode can
be determined by the ratio of D D events having both sides reconstructed in that mode, to
the number of events having only one D reconstructed in that mode, given enough data. In
fact, one can sum several decay modes together, and perform the same analysis. The absolute
branching ratio and the production cross-section in that mode or modes then determine the
original number of D’s produced. We expect to be able to normalize our cross-sections to an

accuracy of about 10% by this technique.

Semileptonic decays of D mesons are most easily studied in the recoil from a fully recon-
structed D of known strangeness. Since the amplitudes for D¥ and DO semileptonic decays
are equal, the ratio of the D% and D9 semileptonic branching ratios is equal to the ratio of
their lifetimes. Our ability to separate electrons from pions is crucial to this analysis. The
misclassification of pions as electrons has been measured as 3% using a combination of TOF
and shower counter techniques. There is an additional separation of 3¢ using the independent
measurement of dE/dX loss in the second layer of our drift chamber. We believe the combi-
nation of these techniques should give a reliable measurement of the electron content recoiling
from reconstructed D decays, and thus lead to a measurement of the D lifetime ratio to an

accuracy of about 20% .

In conclusion, we expect Mark III to make substantial progress toward understanding D

meson decays in the very near future.
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