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Abstract

Recent. results on decays of charm particles are presented. The CLEO
collaboration has measured two body decay modes of D, involving 7, 7/ or
pt, using th CLEO II d :

, g the new etector. They also have new measurements
of the branching ratios of the D*° and D**. In charm baryon decays
results from CLEO II are presented for A} — T+, A¥ — Antr®, and

t(‘.ihe W-exchange process Z) — 2~ K+ has been observed in the CLEO I
ata.
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1 Introduction

The CLEO II detector has been accumulating data since late 1989 on or near the T
resonances. The detector was designed for excellent reconstruction of both charged
and neutral particles. The detector consists of a charged particle tracking system,
surrounded by a time-of-flight system and an electromagnetic calorimeter consisting of
7800 CsI crystals. The Cornell Electron Storage Ring (CESR) has also been upgraded.
The luminosity now routinely reaches 1.8 x 1032 cm?/s , and as much as 11 pb~'have
been accumulated in one day. This has produced some very large samples of charm
particles for the newly improved detector to study.

2 D, decay modes

The D, was first observed in the ¢7+ decay mode,! and many other hadronic modes
have since been found,? however a significant fraction of D, decays has not yet been
accounted for. This lead to speculation that some large two-body decay modes might
exist. There are two possibly large modes D, -+ nn* and Dy, — np/mt known, but
the current measurements by different experiments are inconsistent. CLEC has new
preliminary measurements of these two decay modes, and preliminary measurements
of the previously unseen modes np* and n/p*, as well as confirmation of the mode
¢p*.

The dataset used for all D, decay studies was comprised of 689 pb~'of data taken
at the T(35), T(45) and at center-of-mass energies just above and below the T(4S).
Photons were always required to have | cos8| < 0.7, where 8 is the angle with respect
to the beam direction. In this region photons cross the minimum amount of material
before entering the calorimeter. Each neutral energy cluster must have a least 30
MeV of energy and not match to a charged track projected into the calorimeter to be
considered a photon. Charged tracks were required to have their measured ionization
loss (dE/dx) within 2.5 standard deviations of the expected ionization loss for the
particular hypothesis considered. In order to reduce combinatorial background, the
momentum of the D, was required to be above 3 GeV/c. To suppress background
from Y(3S) decays, which contain very little charm, it was required that the ratio of
Fox-Wolfram moments, Hy/Ho,” be greater than 0.2 for events taken at the Y(3S)
energy. A low value of R, signifies a spherical event like the ggg decays from the
T(3S), while a large value of R, signifies the jet-like structure that ¢g events have.

All modes are normalized to the mode ¢r+ . The ¢ candidates are selected by
requiring that two oppositely charged tracks with dE/dx consistent with a kaon have
a mass within 8 MeV of the known ¢ mass. Additional requirements based on the
angular correlation of the D, decay products are added to reduce background. Since
the D, is spin zero, the ¢ must be uniformly distributed in angle in the D, rest frame.
The background tends to be peaked in the direction of D, in the lab, so we require
the cos oy < 0.8, where oy, which we call the decay angle, is the angle between the ¢
in the D, rest frame and the direction of the D, in the lab. Since the ¢ is polarized
in a helicity zero state, the kaons have a cos® 0+ distribution, where 8+, which
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we call the helicity angle, is the angle between the A" and the D, in the ¢ rest
frame. We require | cos x+| > 0.45. We found 453 + 28 D, decays. The efficiency to
reconstruct D¥ — ¢r* is calculated by Monte Carlo simulation and is found to be
17%. Throughout this paper charge conjugate states are also included.

2.1 The decay modes D} — npr*, and nirt

The decay modes n7*, and n/x* were first observed by MARK 1II, and they found
them to be large.!l searched for the 7 by its decays to 77 and w*7~ 70 for which
the branching ratios are 38.9% and 23.6% respectively. The 44 mass distribution
1s given by the histogram in figure 1(a). The background is dominated by photons
from 7° decays. When photons that combine with another photon to form a 7° with
momentum greater than 0.8 GeV/c are eliminated, the v~ distribution is given by
the square points in figure 1(a). Monte Carlo simulations predict that this procedure
keeps 92% of the 7’s and reduces the background by 50%. The fitted 7 width is 14
MeV (r.m.s.).

In the 7*7~ 7% decay mode, the 7° candidates are required to have a 47 mass
within 2.5 times the r.m.s. width of the known #° mass. The r.m.s. width is ap-
proximately 5 MeV/c? and slightly momentum dependent. For each 7° candidate the
momentum is found by a kinematic fit of the photon momenta, with the constraint
that the vy mass be the known #° mass. The 7° momentum was required to be
greater than 0.3 GeV/c to be used in a 7 candidate. The =+ 7~ #° mass distribution
is shown is figure 1(b). The fitted width of the 7 signal is 6.0 MeV /c2. In both modes
the figure shows only combinations with momentum greater than 1.5 GeV/c to most
clearly display the signal, however this cut was not used in D, search. used in the
analysis

The 7/ was detected in the decay modes 7#*7~n and p°y, which have branching
ratios of 44.2% and 30.0%. In the #*x~n mode the 7 is required to have momentum
greater than 0.3 GeV/c to suppress background. In the p°y mode, the photon mo-
mentum must be greater than 0.1 GeV/c, and 500 MeV/c* < M +,- < 850 MeV/c?,
since the shape of the p° is distorted by limited phase space. The p° is polarized, so to
optimize signal background we require | cos 6}| < 0.8, where 67 is the angle between
the 7% direction and the photon direction in the p° rest frame. The mass plots for
the 7/ are shown in figure 2, where the 7/ momentum is greater than 1.5 GeV/c. In
figure 2(a) shows only the 7%~ mode, and 2(b) shows the p°y mode, which is large
but on a large background, due to the width of the p°. It is however quite significant.
As in the 1 case, no minimum momentum was required of the 7/ in the D, search.

Figure 3 shows the 7" invariant mass distribution for both 7 decay modes. In
the 77~ 7% decay mode of the 7, the 7° was required to have a momentum greater
than 0.3 GeV/c to reduce background from slow 7%s. The invariant mass spectrum
was fitted in two ways. The first used gaussians of the Monte Carlo predicted width
at the D, and D% masses, a polynomial background function and the Monte Carlo
predicted shape of 7% from D} — np*. The second did not used the shape from the
npt reflection, but excluded the region where it occurred from the fit. The two fits
agree within 5%. The efficiencies are found by Monte Carlo simulation. The results
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Figure 1: a) The 4y mass distributions for p > 1.5GeV /c histogram all combinations
and square points after 7° veto. b) The 7+x~x° mass distribution for p > 1.5GeV /c.
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Mode | s3 mode number | efficiency /T (¢x")
of events (%)

ont | ¢ = KTK~ 453 + 28 17.0 1.0

nrt n— ¥y 123 + 24 8.17 0.56 £ 0.11£ 0.10
nrt | p—atrTa® | 42 £ 12 3.14 0.49 £ 0.15+ 0.07
nizt | gt = prta- 59 £ 11 2.05 1.10 £ 0.21+ 0.17

n—=7
et | qt — neta- | 22 £ 7 0.75 | 1.12 + 0.36+ 0.17
n— xtr—n0
nirt nl — p%y 200 £ 34 5.40 1.38 £ 0.25+ 0.20

Table 1: Relative branching fractions for 7+ modes

for each individual decay mode can be found in table 1. When both decay modes are
averaged, we find I'(D} — no*)/T(DF — ¢é7t) = 0.54 & 0.09 & 0.09, where the first
uncertainty is statistical and the second systematic.

Figure 4 shows the /% invariant mass distribution for both 7/ decay modes.
The background shape was studied similarly to the nz* case, and once again the
systematic uncertainty attributed to the background shape was 5%. The event yields,
efficiencies and relative decay widths of all distinct final states are given in table 1.
Averaging over all three different 7/ decay modes, we find I'(D} — np/xt+)/T(DF —
¢rt) =1.20 £ 0.15 + 0.18.

Our results for these two modes are compared with other measurements from
E691,5] Mark I1,¥ Mark 1119 NA14/2,7) and ARGUS,®, which can be seen in table 2.
We obtain values that are consistent all upper limits, much smaller than Mark II, and
just barely consistent with ARGUS and NA14/2. From our measurements one would

conclude that 77+ and 7/7* are not major contributors to the total decay width of
the D, .

2.2 The decay modes D} — np*,nip*, and ép*

The small branching ratios for 7t , and n/7* decay modes mean those modes cannot
account for a significant fraction of the total D, hadronic decay width. The CLEO
II detector’s excellent electromagnetic calorimeter makes it possible to also search for
modes involving pt — w*x° Only the mode D, — ¢n*n° has been seen previously,
and the small statistics made it impossible to determine whether this mode comes
from ¢pt %

The g7t 7% mass spectrum is shown in figure 5, for the case where the 7 decay to
4v. The mass of the 7*7% combination was required to lie with £170 MeV of the
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Figure 3: The p7* invariant mass spectrum using (a) the 7 — 77 decay mode, (b)
the n — ©+7~x° decay mode, and (c) the sum of the two modes. :
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Figure 5: The p7*x° invariant mass spectrum when the 7 decays to yy. The n+#°
mass must be within £170 MeV/c? of the p* mass.
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Figure 6: a) The n*x° invariant mass spectrum for events in the D, peak for the
nnt7° channel (histogram) and sidebands (solid points). b) The number of D, events
as a function of helicity angle, 0,+. The curve is a fit to cos® 6,+.
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Experiment | T(yn*)/T(ént) | T(nnt)/T(¢nt)
CLEO Il |0.54+0.09+0.09|1.204+0.154+0.18
E691 <1.5@90% cl. | <1.3@ 90% c.l.
Mark II 4.0+13 6.4 £28
Mark III <25Q@90%cl. | <1.9@90% c.l.
NA14/2 2.5 +1.0+38
ARGUS 2.5£0.7

Table 2: Comparison of experimental results for D, to nw* and n/r+

pt mass. There were helicity angle and decay angle cuts on the 7 and p* identical
to those on the K¥ and ¢ in the ¢n* mode There is a peak of 158 £ 22 at the D,
mass. Two test were performed to see if this peak was due to p* or uncorrelated
nt7%. The first test released the mass cut on the 7*#° combinations and plotted
the the 7*r® mass spectrum for pw+7® combinations at the D, mass and in the D,
sidebands. Figure 6(a) shows that the combinations from the D, peak (histogram)
have an enhancement at the p*, while the sidebands (solid points) do not. The second
test released the helicity angle cut on the 7+ and the n7+7° combinations were binned
in the helicity angle 6,+. The number of D,’s in each bin was found by fitting the
mass spectra. The number of events as function of 6.+ is shown in figure 6(b). The
curve is a fit to the expected cos? distribution. The fit has a confidence level of 38%.
The non-resonant background is estimated by the amount of isotropic contribution
allowed in the fit, and is at most 20%. A similar analysis was performed when the 7
decayed to 7 *7~ 7% The details of the number of events, efficiency and relative decay
widths are given in table 3. The last asymmetric uncertainty on the relative decay
widths reflects our estimate of how much of the #+7° can be attributed to p*. The
average of the two n modes gives a branching ratio of 2.86 % 0.38 £ 0.50*22, times
the branching ratio for the decay mode ¢nt .

In the 7/p* analysis, only the n/ — nw*7r~ decay is used. When the 7/ — p%
mode is used the background in the n/7*7° mass plot peaks near the D, mass. In
this final state, the maximum energy available to the 7+ 7% system is =~ 1 GeV, and
the limit of phase space is near the peak of the p*. It complicates the extraction of a
pt component from the 7*x° non-resonant component. The np/mt7° mass spectrum
is shown in figure 7, for the case where  — vvy. The 7*7° mass is required to be
within £170 MeV/c?, and the same decay angle and helicity angle cuts are made as
the np* case. The peak at the D, contains 53 & 10 events. The solid squares are
combinations where the 7*7° mass is less than 500 MeV/c2. There is no sideband
above the the p. No signal is visible in this lower sideband. We once again perform
two tests to distinguish p* from n+x°. In figure 8(a) we show the 7t 7° mass spectrum
for events from the D, peak (histogram) and from the D, sidebands (solid points).
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Mode s§ mode number efficiency [/T(¢rt)
of events (%)
net | n—o v 158 + 22 2.02 | 2.93 +0.45 + 0.50*22,
not |n—rtr 0| 59415 0.82 | 2.70 % 0.68 =+ 0.5012%,
nip* | n/ —gatam | 53 £ 10 0.56 | 3.55£0.71 % 0.50%39,
n =7y
nip* |0 —qmtrm | 15+ 6 0.18 | 3.10 +£1.24 +0.50%3%,
n— atrn0
¢p* | ¢ — KTK- | 253 + 32 510 | 1.86 £0.26 = 0.30%92,

Table 3: Relative branching fractions for p* modes

The is an enhancement at the p* only for the D, signal region. In figure 8(b) we
show the number of D, events as a function of the helicity angle. The fit is to
cos? 0.+ and the confidence level is 10%. Again, the maximum possible contribution
of non-resonant 7+x° is 20%. The details of this analysis and the analysis where
n — atx~ 70 are given in table 3. The average branching ratio using both 5 decay
modes is 3.44 3 0.62 £ 0.52102,.

The ¢n+7° mass plot is the histogram in figure 9. The 7*x° invariant masses
are required to be within +170 MeV/c? of the p* mass. A clear peak is seen with
253 £ 32 events. Testing whether the 7tx® are from a p* is harder than in the n
and 7/ cases. The shape of the p* is even more distorted by phase space limitations
than in the 7/ case, and the p* is not completely polarized as in the two previous
cases. The dashed histogram in figure 9 shows the mass plot for ¢r*x°, where the
7+n® mass is below 500 MeV/c2. No signal for the D, is visible. The background in
the mass plots reached its maximum near the D, peak. we check that phase space or
selection effects are not creating an artificial peak by plotting ¢w+#~ combinations
with the mass of the #+x~ within +£170 MeV/c? of the p* mass (solid points). This
wrong sign background reasonably matches the background in ¢7+#° and shows no
evidence of a signal. We estimate a maximum of 30% non-resonant 7 + #° in the
signal. The branching ratio for D} — ¢p* is 1.86 + 0.26 & 0.3013:3; the branching
ratio of D} — ¢rn*.

The three D, decay modes to X#*x? are larger than ¢7* and in the n and 7/
cases there is good but not complete evidence than the #*#° form a p*. The evidence
that p* dominates the ¢7+#° channel is weaker but still there.

2.3 Comparison with theory

There are parameter-free predictions on the branching ratios for all of the above
modes relative to ¢r* by Bauer, Stech and Wirbel.¥) For the g7+ and n/r* results,
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Kamal, Sinha and Sinha!% have modified the BSW results by changing the n — n/C
mixing angle. They also have made their own predictions. There are also predictions
by Blok and Shifman.!d The comparisons of theory and our measurements are given
in table 4. Overall, they do not describe the data well.

2.4 Fraction of known D, decays

In order to calculate the total fraction of D, decays that have been observed, it is
necessary to find the absolute branching fraction of D, to ¢+ . CLEO and ARGUS
have both made recent efforts to set this scale more accurately than is currently
known. CLEO measures the ratio of ¢e*v to ¢r* decays of the D, , and uses the
known branching ratio for D* — K*%e*v and the measured D} and D* lifetimes to
predict what the value of B(D} — detv) to set the absolute scale for ¢r+ . This
technique requires a simple input from theory. Using an average of the ISGW!3 and
WBS" models CLEO found B(D} — petv) = 3.1 £0.6732 + 0.6%'®. A recent
modification to the ISGW model has been reported by D.Scora,!'®l which changes the
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Mode This experiment BSW BSW modified KSS BS

ot 1 1 1 1 1
nmwt 0.54 £ 0.09 £ 0.09 1.04 0.75 1.35 1.13
nint 1.20 £0.15 £ 0.18 0.61 0.78 1.47 0.10

npt | 2.86 +0.38 +£0.50%9:2, | 1.96
ntpt | 3.44 +£0.62 + 0.5073% | 0.56
dpt | 1.86 +0.26 £ 0.3023% | 6.30

Table 4: Comparison of theoretical predictions with our measurements

CLEO result to B(D} — ¢etv) = 3.5 + 1.2%.17

ARGUS takes a similar but not identical approach. They measure B(D; —
¢e~v)/B(D; — ¢n~) and B(D; — K*%¢~v)/B(D~ — K+r~xn~), which they relate
through the WBS model to find B(D; — ¢7~) = 2.4 + 1.0%.18

In addition, ARGUS has tried to make a model independent measurement of
B(D; — é7~) by partially reconstructing the decay B - D**D3~. First they fully
reconstruct the D~ — D7 v, D; — ¢7~ and partially reconstruct the D** without
observing the D° decay, then they partially reconstruct D}~ without observing the D}
and fully reconstruct D**. Requiring the the B branching ratio to be independent of
how it was reconstructed allows them to extract B(D] — ¢7~) = 1.4+ 0.7+ 0.4%.19

Our knowledge of the absolute scale of the D, branching ratios remains confused.
I will use the recent CLEO result of 3.5% to calculate the sum of all known modes.
The modes presented in this paper have a sum of decay widths 10.1 £+ 1.3 times the
width of ¢+ . Other well-known mode, ¢+ , 7?01&"*, KT K°, _I-\’“OK"', non-resonant
KtK-n%, ¢ntn~n*t, fo(975)7*, and non-resonant #*7~7+, have a sum of widths of
5.4 0.4 times the width of ¢=* . This gives 15.5 + 1.4 times the absolute branching
fraction for ¢7+ , 3.5 & 1.2%, which equals 54 + 19 %.

Adding the two semileptonic decays which are almost equal to the D* semileptonic
branching ratio of 8+1%, and the theoretical estimate for the leptonic decays B(DF —
7¥v and ptv) = 5%, gives a grand total of ~ (75 #+ 19)%. The uncertainty is
dominated by the uncertainty on B(D] — ¢7 7).

3 D*(2010) branching ratios

The D* branching ratios have been measured before,? but the Particle Data Group’s
averages are dominated by the Mark III measurements.?d MARK III found that
B(D*t — D*«v) = (17 £ 5 £ 5)%. This value is too large to be naturally acoma-
dated by theoretical models. For example, the mode! of Brekke and Rosner predicts
that B(D*t — Dtv) =~ 3%.%1 A large anomalous magnetic moment for the charm
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quark is needed to explain the large branching ratio. If there are problems with the
measurement of the radiative decay of the D** and the correct value is closer to the
theoretical prediction, then B(D*t — D°r*t) and B(D** — D*x° must be larger
since the three branching ratios were constrained to sum to 1. This will effect the
mcasurements of B meson branching fractions involving D™*’s.

As previously mentioned, there are only three allowed decay modes for the D*+ |
and there are only two modes for the D*® , D%y and D°7°, since the mode D*r~ is
kinematically forbid¢ ~n. Therefore by using

B(D*° — D%) + B(D"o - D% =1 (1)

B(D** — D*y) + B(D'* — D*x°%) + B(D** — D°zx*) =1, (2)

and measuring the ratios

_ B(D* — D%)

R, = B(D*® = Dor0)’ (3)
B(D*+ — D*+)
+
Ry = B(D*+ — D+gx0)’ )

and either measuring or using isospin invariance to calculate the ratio

B(D*+ — DOr*) .
B(D-* = D¥ ) (5)

R =

all the branching ratios can be found. The ratios R and R¥ can be found by
counting the number of D%, D°r° D%y, and D*7°, and calculating the relative

efficiency of finding the v or #°. For the ratio R} the efficiencies are not as simple

to calculate and the uncertainties in B(D° — K~n%) and B(D* — K~n*7+) con-

tribute to the uncertainty on ratio. This ratio however is given by isospin invariance
and phase space differences to be R} = 2.19 £ 0.17, where this uncertainty is due
mainly the uncertainty on the D - D mass difference but is stili smaller than can be
obtained by a direct measurement.

The same dataset was used for this analysis as for the D, analysis. The same
event, track, photon and =° selections were used. The same cut on R, for YT(3S )
events was used. The D* candidates were required to have a minimum momentum
of 2.5 GeV/c instead of the 3.0 GeV/c required of D, caxdidates. The D® — K —x+
decay mode was used to 4 reconstruct D°’s and the D¥ — K~ n*t7x*+ mode was used
to reconstruct D*’s. For D° decays the I~ is isotropically distributed in the D° rest
frame, while the background in backward in decay angle. We required cos 85 > —0.9.

Each D° and D* candidates is combined with each remaining v, 7°, or 7+ to form
D*® and D** candidates. (The charge conjugate states are also done.) In the Dy
there is a large background due to soft photons moving opposite the direction of the
D. To reduce this we require cosd, > 0, where 6, is the decay angle relative to the
D*. We then calculate § = M* — M — Q, wheee M+ is the mass of the D* candidate,

13
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M is the mass of the D candidate, and Q is the PDG? value of the D* — D mass
difference.

In figure 10 the é distributions can be seen for the decay D*° — D°z°%. In figure
10(a) the delta distribution for events with the D° candidate with +2.5¢ of the
known D mass. A clear D* signal is visible. In figure 10(b) the delta distribution for
events with 1.790 < mg, < 1.822 GeV/c? and 1.908 < myc» < 1.940 GeV/c?. These
sidebands are expected to be good representations of the background under the D
signal. A small signal is visible in the sideband plot. In figure 10(c) the signal and
sideband distributions have been subtracted. This distribution is fitted to a gaussian
signal and third-order polynomial background. The mean and width of the gaussian
are determined by the fit. The mean value of 6 found in the fit is —0.7+0.4MeV. The
yield, mass difference resolution (both measured and expected from Monte Carlo),
and reconstruction efficiency are given in table 5.

In figure 11 we show the é distributions can be seen for the decay D*® — DO,
For § < —50 MeV, there is a large background from D*® — D%y decays, where
one of the 4’s from the n° decay has been missed, but Monte Carlo calculations
indicate that this background does not reach under the signal. The § distribution is

14



Number Mass Resolution | Mass Resolution €
Mode of Measured Monte Carlo %
events (MeV/c2) (MeV/c2)
D=0 — D% 557 £ 71 £ 40 5.6 £ 04 5.2 15.7
D*® — DOx0 724 + 56 £ 26 11.0 £ 0.05 1.16 15.4
D*t — Dty 79+ 59+ 26 5.2 13.5
Dt - Dtx% | 6294+ 37T+ 25 0.95 &+ 0.07 1.17 13.3
D*f — D°x+ | 2265 + 61+ 47 0.80 £ 0.02 0.75 47.0

Table 5: The yields, mass difference resolutions both observed and expected and
reconstruction efficiency by mode.

wider in this mode than the 7°® mode, because the momentum resolution of the 7°
is improved by kinematically fitting it. The mean value of § is —0.12 4 0.02. While
this is statistically different from zero it also is an order of magnitude smaller than
the uncertainty on the D* — D mass difference given by the PDG.? It should not be
considered a measurement of the D* — D mass difference, since all systematic errors
on the difference have not yet been studied. Once again the yields, mass resolutions
and reconstruction efficiencies are given in table 5. Using the n(D%y), n(D°z°® and
the relative efficiency of finding a 7° accompanying a D° to the efficiency of finding
a v accompanying a D°, we find

R} =0.75£0.11 £0.13. (6)

We can now calculate the ratio of D*® branching ratios and using equation 1 find each
branching ratio. The results are given in table 6 and are in good agreement with the
current PDG? values.

In figure 12 we show the § distributions for D** — D%~. No peak is apparent
in either the signal or sideband plots. The D* sidebands are defined to be 1.810 <
Mmixr < 1.836 GeV/c? and 1.913 < mprr < 1.939 GeV/c?. A fit to the unsubtracted
6 distribution with a gaussian signal and third-order polynomial background yields
79+ 59 + 20 events. The gaussian’s mean was fixed at zero and its width was fixed to
the measured width of the D® — D%y channel. The dashed line shows the expected
signal for a 17% branching ratio.

A known background comes from D;* — D}~ decays, where the D} decays to
¢t or KKk +  and one of the final state kaons is misinterpreted as a pion. If the
D** — D%~ events are reinterpreted as a D3t we do observe small signals, and we
estimate that as much as 40% of the D*t* — D%+ could be D;* background. At
this stage we increase the systematic error from £20 to +40 events to account for
this background. The yield with this error as well as resolution and efficiency for this
mode are given in table 5.

15
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Decay mode Experimental ratio With Isospin constraint | PDG value
D° — D% 43.0 £ 3.7 £ 4.2 45 £ 6
D® — DOz 57.0 £ 3.7+ 4.2 55 = 6
Dt — Dty 38+ 28+ 2.0+ 2.0 3.7+ 27+ 1.9 18 + 4
DY - D*x% | 309+ 1.6+ 44 £ 4.4 30.2 £ 0.8+ 1.6 272 £25
DO — DO+ | 65.3 £ 24 5.1+ 5.1 66.1 £ 1.8 £+ 2.2 55 + 4

Table 6: D*(2010) branching fractions. The D** modes are calculated two different
ways. The first is with purely experimental input, and the second uses the isospin
constraint to calculate R}. The third error on the purely experimental values is due
the uncertainty in the measured D° and D* branching ratios.

The data for D** — D*7? is shown in figure 13(a). There is no signal evident in
the sideband data shown in figure 13(b), so we fit the unsubtracted distribution. The
signal is fitted with a gaussian whose width comes from the fit, and the background
is fitted by a function that simulates its threshold behaviour. The results of the fit
are given in table 5. Just as in the D™ case, we can find the ratio of branching ratios,
which in this case give

RY =0.124 +0.093 = 0.066. (7)

Using the value of R} given by isospin, we can find all the D** branching ratios,
which are displayed in the third column of table 6.

It is possible to check the previous result by measuring R;}. This requires n(D%r*)
and relative efficiency to reconstruct the two different final states. Figure 14(a) gives
the § distribution for D** — D%r* from the D° signal, and figure 14(b) shows the
same distribution for the D° sidebands. Since there is a signal visible in the sideband
¢ distribution, we subtract it before fitting for n(D%rt). The results are given in
table 5. Using ¢(D*7°%)/e(D%%) = 0.28 % 0.06, we find

9 =2.11+0.14 £ 0.46 £ 0.31, (8)
where the last error is due to the uncertainty of the measured D° — K~7x* and
Dt — K~#x*x* branching ratios. The D** branching ratios can now be found
without the isospin constraint, and they are listed in table 6 column 2. The results
using the isospin constraint and are in agreement not with the results that did not use
it. We do not see a statistically significant signal for D** — D%~ and we set the 90%
confidence level upper limit of 8.0% on the branching ratio. This limit disagrees with
the previous Mark III measurement, but is consistent with theoretical expectations.
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4 Study of the Decays A} — ¥+ and A} — Anta?

The A} was discovered over 15 years ago, and we can currently only account for 14%
of its total branching fractions.”) We know that its lifetime is shorter than the D*,
so decay mechanisms other than the spectator decay must be present. More detailed
knowledge of the decay modes of the A} is needed to determine the existence and
importance of these other mechanisms. We have measured the branching fraction
for the mode A} — T%r*, which had been previously observed in a bubble chamber
experiment,?? but there was no measurement of the branching fraction. We have
also measured the branching ratio for the mode A} — Ax*7° which has not been
previously detected.

The dataset for this analysis consists of 879 pb~'of data taken at the Y(3S)
resonance, as well as just below, just above and at the T(4S) resonance. Lambda
candidates were reconstructed by pairing oppositely charged tracks and looking for
a intersection away from the beam crossing point. The quality of the interaction
was measured by a x? value calculated from the distance between the tracks in the z
direction and how well the momentum sum pointed back to the vertex. The higher
momentum track was assumed to be the proton and was required to have a ionization
energy loss measurement with 3.5 sigma of the expected ionization energy loss for a
proton. We used lambda candidates with a mass within 20 of the known lambda
mass. Photons were always required to have |cos 8] < 0.7 and have energy greater
than 30 MeV, as in the previous analyses. The energy in the 9 CsI crystals around
the shower center had to have 90% of the energy in the 25 crystals around the shower
center. This selection criterion prefers electromagnetic shower over hadronic showers.
We also require that the photon candidate does not match to a charged track. Neutral
pions are formed in a similar way as the previous analyses. The photon pairs within
10 MeV of the nominal #° mass and with greater than 250 MeV/c momentum are
considered #° candidates.

We measure the A, branching fractions relative to the decay mode Ar+. The Ax+
branching ratio has been measured relative to B(A} — pK~7*) by CLEO.?? The
systematic effects of lambda-finding efficiency and proton identification are the same
in this mode and the two modes under study, so the systematic error is minimized
by measuring the ratios of the decay rate to the mode Ar+. The mass distribution
for the A7t decay mode is shown in figure 15. The shape below the peak is given
by a Monte Carlo simulation of Ac — Z%r*, where the v in the £° — A~y decay has
not been observed. The area of this background was found in the fit to be 166 + 19.
The peak was fitted with a gaussian with its width fixed the Monte Carlo prediction
of o = 23.9 MeV. There are 166 & 19 events in the peak. To check that the T0r+
background is restricted to only the region predicted by the Monte Carlo, we have
examined the combinations with the wrong strangeness and charge, for example Az ™.
This background is plotted with a dotted line in figure 15, and it agrees with the Ar+
background everywhere but the region populated by L%+ background.

£° candidates were formed by combining lambdas with photons. Those lying
within 20 of the nominal £° mass were combined with charged pions. The mass
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Figure 15: The Anr* mass distribution. The background is fitted by a second or-
der polynomial and a shape given by Monte Carlo for the decay A, — X%, where
the v in the £° — A~y decay has not been observed. The signal is fitted by gaus-
sian with its width predicted by the Monte Carlo. The dotted line gives the wrong
strangeness-charge combinations which should model backgrounds other than the
Yoz + background.

distribution for L%+ combinations is shown in figure 16. The mass distribution
for £%7* was fitted with a gaussian with its width fixed by the Monte Carlo to be
o = 25.7T MeV/c, and a second order polynomial. The number of events under the
peak is 89 £ 13. The efficiency of finding an additional photon in an event with Ar*
is 51%. Therefore, the number of events expected in the background of the Ax* mass
distribution is 175 & 25, which is in good agreement with what we found by fitting
the Anr* distribution. The result for the relative rate is

T(AY — Zort)
T(AF = Ant)

=1.040.2+0.1, 9)

which is in disagreement with a recent theoretical prediction that the ratio is 5-to-1.24)
Figure 17 shows the invariant mass distribution for Ax*7® combinations. The
area under the gaussian with a fixed width of 33.2 MeV/c? is 91 4 20 events. The
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efficiency for detecting this channel was determined by Monte Carlo simulation, where
the A. decayed with a distribution given by three body phase space. The efficiency
was found to be 20% of the efficiency for A, — An*, so the relative rate is,
T'(AY — An*x0)
(A — Arn?)

We have not yet be able to determine the substructure of this decay.

=2.7+0.8+0.5. (10)

5 Observation of the decay =0 — Q- K+

The first signal for the Z% was found by CLEO?% in the mode =% — =7+, and it

c c

has since been seen in the additional decay modes =0 — pK~K " by ACCMOR?

[+
and =0 — Z-r*t7-7+tARGUS?). We have now seen evidence for the new decay
=0 — Q- K*. While the previously observed modes can proceed by either internal
or external spectator diagrams, this mode cannot. The most likely method is a W-

exchange diagram, since W-exchange diagrams are not expected to be suppressed by
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helicity or colour conservation in charm baryon decays as they are in charm meson
decays,?® although final state interactions are very hard to rule out. The short
lifetimes of A} and =2 could be explained if W-exchange diagrams are significant
contributors to the total decay rate, however the only direct evidence up to now for
W-exchange diagrams is some weak evidence for A*+ K~ in the resonant substructure
of AT — pK~7+.%

This analysis was done on data taken with the CLEO detector, which is the
predecessor of the CLEO II detector. It has been described elsewhere. 3% The dataset
consists of 212 pb~'taken at the T(45), 106 pb"lat the T(55) and 101 pb~'taken on
the continuum just below the YT(4S).

™’s are detected through the decay chain 2= — AK~, A — px*. A candidates
are formed from oppositely charged tracks which intersect at a radial distance of
more than 3 mm from the primary vertex. Unlike the A. analysis, no requirement
was made on how well the A pointed to the primary vertex, since they are produced
away from the primary vertex at the 2~ decay vertex. The proton candidate was
required to have a dE/dx measurement within 3o of that expected for a proton. The
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invariant mass of the pr* pair was required to be within 6 MeV/c? of the known
A mass. 1~ candidates were formed by combining A candidates with an additional
negatively charged track with a dE/dx measurement within 20 of that expected for
a kaon. The point of intersection of the K~ and the A must be at least 3 mm from
the primary vertex and closer to than the A vertex is. Both the A and the K~ were
required to have impact parameters greater than 5 mm. This requirement prefers
tracks from secondary vertices over tracks directly from the primary vertex. The
AK~ mass distribution is shown in figure 18. The gaussian in the fit has its width
fixed at the Monte Carlo predicted width of 6.0 MeV/c2. The yield of 2 ’s is 38 + 8.
The efficiency to detect an 2~ was found by Monte Carlo to be a maximum of 11%
at 2.5 GeV/c?.

Those 0~ candidates within 6 MeV /c? of the known )~ mass were combined with
all K* candidates. The K* candidates were required to have a dE/dx measurement
within 20 of that expected for a kaon. The 2~ K+ mass distribution is shown in figure
19. A fit to the distribution with a gaussian of fixed width and a flat background
yields 8.5 4 3.0 events and a mass of 2.469 =+ 0.002 + 0.003 GeV/c?, where the first
uncertainty is statistical and the second is systematic. This value of the mass agrees
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Figure 19: The QK+ mass distribution. The signal is fitted by gaussian with its
width predicted by the Monte Carlo. The background was assumed to be flat.

with our previous measurement in the mode =~n*. If we define the =2 mass region
to be 2.455GeV/ 2 < mpx < 2.485GeV/c2, then there are 9 combinations where a
flat background would predict 0.75 combinations.

We wish to compare our rate to the previously measured process = — =~=¥,
so we have reanalyzed®¥ the decay =0 — Z~ 7% using the same vee-finder and no
momentum cut. The =Z~’s were found from A7~ combinations which intersected at
least 5 mm from the primary vertex and have a mass with 6 MeV/c? of the =
mass. The mass distribution of Z~#* combinations is given in figure 20. The yield
of Z% — =~r+ decays is 38 £ 9. Monte Carlo simulations predict an efficiency of 12%
for = nt, while it is 6% for QK ~ averaged over the entire momentum range. The
relative decay rates are given by

(=0 — QK-
G = ) _ 50002, (11)

=0 — =-7t)

This result implies that 25 £ 10 % of all Q7’s produced in ete~ collisions are
the results of a single decay channel. This only seems possible if ). production is
small compared to =2 production, since the §); is expected to decay frequently to
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Q7 ’s. Other decays of =. — QX are severly phase space limited, so probably do not
contribute much.
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