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Abstract 

Preliminary values are presented for lifetimes of the A: decaying into pK- ir+ and 
D; decaying into ,Pir. Also presented are preliminary results on samples of 
D" -+ K" K+ K- , including D0 -+ K",P , and D" -+ K"Tr+Tr- decays. The data are 
from the first run of Fermilab experiment E687 using the Fermilab Wide-Band Pho­
ton Spectrometer. Our lifetime values are (0.20±0.03±0.03) ps for the A: and 
(0.50±0.06±0.03) ps for then; . We find preliminary values for the branching ratios 
B(D"-+ K" K+ K- )/B(D" -+ K 0 ir+ir- ) and B(D"-+ K",P )/B(D" -+ K"ir+ir- ) of 
0.20 ± 0.06 and 0.16 ± 0.06, respectively; only statistical errors are quoted. Further 
work is in progress .. 

Introduction 

While much is now known about the properties of charmed hadrons [IJ [2], there 
is still much we need to learn. Fermilab experiment E687 is a high-statistics study 
of photoproduced hadronic interactions using the highest-energy photon beam cur­
rently available. It will provide new information on a number of aspects of charmed 
hadron production over the next few years. Preliminary results from the first run 
of E687 in which about 60 million ")'Be triggers (about 753 hadronic) were recorded 
on tape are now becoming available. Final samples from this first run are expected 
to include about 10 1 reconstructed charm decays in all. The current second run of 
E687 is expected to provide more than 5 times more data for future analysis. 

The results presented here demonstrate applications of candidate-driven charm se­
lection algorithms to the E687 first-run data sample; candidate track combinations 
for specific hypotheses are used as seeds for vertex location. Presented are pre­
liminary E687 results for several charmed particle lifetimes. These include the A"!: 
and n; lifetimes which are currently known with less precision than D+ and D" 
lifetimes where the event samples are larger. In the analyses reported here and in 
other E687 lifetime analyses reported at this conference[3J, various fitting schemes 
have been employed. Studies are in progress to determine the most appropriate 
algorithms and the associated systematic uncertainties in each case. Also presented 
are preliminary results of studies on branching ratios and branching fractions. Of 
special interest are D0 -+ K~ K+ K- decays. For example, the decay D" --+ K'',P is 
proposed as a test of nonspectator decay processes [4]. More information is expected 
on ell these topics by the time of this conference. 

The Fermilab Wide-Band Photon Spectrometer used for E687 is a two-magnet spec­
trometer with large acceptance for charged and neutral hadrons and for muons, elec­
trons, and photons. Both electromagnetic and hadronic calorimeters are included 
in the spectrometer. The charged particles are traced with 4 silicon microstrip sta­
tions having 3 planes each and 5 multiwire proportional chambers having 4 planes 
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each. Charged particles are identified with 3 multicell Cerenkov detectors having 
pion threshhol<ls of 4.4, 6.7, ftnrl 17 Grv/c. The s_vstem provi<lr~ 11niq11r irlf'nfifi­
cation of kaons from 17 to 45 Ge V / c and protons from 17 to 45 Ge V / c and 60 to 
117 GeV /c and identification of "heavy" (K/p ambiguous) particles from 45 to 60 
GeV /c. Details of the spectrometer and its capabilities are presented elsewhere [3] 
[5][6][7]. The bremsstrahlung photon beam was obtained from 350 GeV /c electrons 
with a 133 momentum spread impinging on a 273 radiator. The photons were 
tagged by detection of the recoil electron. The beam was incident on a Be target for 
most of the first run. The data were taken with a trigger demanding at least two 
tracks in the spectrometer, both required to be outside the pair production region, 
and an energy deposit larger than a specified minimum value (typically about 40 
Ge V) in the hadron calorimeter. The average photon energy for hadronic triggers 
was 221 GeV. 

A: Lifetime 
The charmed baryon At lifetime is particularly difficult to measure since it is 
shorter than charmed meson lifetimes. Cuts on the significance of separation be­
tween production and decay vertices reject larger portions of the signal. Also the 
At is typically produced at a lower rate and lacks dominant low-multiplicity all­
hadronic decay modes. This lifetime measurement was made with a sample of 
At --> pK-11'+ decays. 

The sample was obtained with a candidate-driven vertex finder using the silicon mi­
crostrip data. Combinations of three tracks consistent with the hypothesis 
At --> pK- n-+ were first selected. (In every case the equivalent candidate com­
binations for the At. were also considered.) All candidate tracks were required to 
be reconstructed in the main spectrometer tracking system and successfully linked 
to a microstrip track candidate. Tracks consistent with a muon hypothesis were 
rejected. The proton and pion candidates were required to have the same charge 
and the kaon candidate was required to have the opposite charge. Cerenkov cuts 
were applied. The proton track must be identified as a proton or K/p ambiguous; 
the kaon must be identified as a kaon or K/p ambiguous. If both proton and kaon 
were ambiguous then the combination was rejected. The pion track must not be 
identified as electron, kaon, proton or K/p ambiguous. The vertex algorithm was 
applied to the candidate track combinations as follows. First a secondary vertex was 
formed from the three selected tracks with the requirement that the x2 per degree of 
freedom for the global vertex fit be less than 3.0. Next a seed track was constructed 
from the momentum vectors of the charm candidate daughter tracks. Other tracks 
that intersect the seed track were used to make a primary vertex. In this fashion 
one or more additional tracks may be included. The final global fit for the pri­
mary vertex was required to have x2 /DOF < 3.0. No tracks other than the three 
candidates could be consistent with the secondary vertex. Finally the distance, L, 
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between the secondary and primary vertex was calculated and divided by the error 
on t.hnt. difTrr<'n<e , <Tf.· Typicnl f'rror• on I.hi• di.t.nnce, when converted t.o prop<'r 
time, were about 0.04 ps for the At candidates. For the final At sample the cut on 
the significance of the vertex separation was L/ <Tf, > 3.0. The primary vertex was 
also required to lie in the target region. 

Cuts were also employed on the cosine of the angle between each daughter track 
in the At rest frame and the At momentum vector in the laboratory frame. The 
cosine was defined as 

cos9 = Pll 
1

• 

((p11)2 + (pi))2 
The cuts were cos 9 < 0.9 for the pion, cos 9 > -0.9 for the kaon, and-0.9 < 
cos 9 < 0.9 for the proton. These cuts eliminated low momentum background with 
large production angles. Finally an additional cut required each At to have an 
energy greater than 70 GeV. This energy cut further reduced the background. The 
average efficiency for reconstructing this A: decay mode with all cuts is estimated 
to be about 5.83. 

In Fig. 1 is shown the combined mass distribution for accepted pK-ll'+ and charge 
conjugate combinations after all the above cuts. The solid curve is a fit with a 
Gaussian signal plus a quadratic backgound. The fit yields a signal with 90± 17 
events at a mass of 2283±4 J.feV/c2 • Fits to individual particle and antiparticle 
plots yield 50± 12 and 51± 17 event signals respectively. 

The At lifetime determination used an event-by-event maximum-likelihood fit to the 
distribution of proper time corrected for the L/<TL cut, t' = (L - 3.0<Ti}//3-yc, where 
L is the separation between primary and secondary vertices. The minimum t' is 0.0 
and the maximum t;,.

0
z is determined on an event-by-event basis requiring that the 

At decay occur upstream of a trigger counter just in front of the first microstrip 
plane. 

A combined fit of signal and background was made for combinations with mass 
between 2.10 and 2.45 GeV /c2 • The mass distribution was described with a Gaussian 
signal term and a quadratic polynomial background term. The mass fit parameters 
were fixed at values from a fit to the mass histogram alone. Preliminary studies 
of the proper time distribution of the background were made using mass sideband 
regions above and below the mass of the At . Fits of various functions were made 
to the the proper time distributions for the background regions. Single-exponential 
and Gaussian functions did not provide an adequate description. Using double 
exponential functions, good fits could be obtained with parameters consistent with 
being mass-independent. Monte Carlo event samples with no charm component and 
with the same cuts as the data could also not be described well by single-exponential 
and Gaussian functions but could be fitted well with double exponential functions. 
The study indicates that the background is consistent with tracks produced at the 
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primary vertex whose reconstruction is consistent with originating at a secondary 
vertex due to resolution effects. 

For the final fit, the following function, properly normalized event by event over the 
allowed t' and mass ranges, was maximized: 

1'' 

C = :Elog(S; + B,) 
i=l 

where the unnormalized signal and background functions were 

S
. A -(m, - m)2 /(t:J( -t:) 
, = =exp 

2 2 
exp -

<TV 2ir <T T T 

The linear function f(t:l = F + Gt: in S; includes the effects of spectrometer ac­
ceptance and of secondary-particle absorption in the target as a function of t'. It 
was determined from Monte Carlo studies. A quadratic function g(m;) was used to 
describe the background mass distribution in B;. 

The A: lifetime from the final fit is 0.20±0.03 ps. The fitted values in the background 
parameterization are TB, = 0.10 ps, TB, = 1.75 ps, and C = 0.25. Figure 2 shows the 
t' distribution for the final sample, integrated over the mass range, together with 
the fitted curve. 

A study was made using different L/ui cuts to look for systematic effects due to 
correlations; no such effects were found. As an additional check, the lifetime was 
also determined with a binned maximum likelihood fit using a sideband background 
subtraction procedure similar to that used by Anjos et al. [8]. This fit yielded a A: 
lifetime consistent with the value quoted above. Inclusion of the correction function 
f(t') consistently reduced the lifetime by 0.02 ps in both types of fits compared to 
fits without this factor. The systematic error for the A: lifetime is still under study 
with fits made using different algorithms and background parameterizations and 
with Monte Carlo simulations; a preliminary estimate of the systematic uncertainty 
is 0.03 ps. Most of the analysis to obtain the final A: sample has been done by C. 
W. Bogart of the University of Colorado. More details are given in his Ph.D. thesis 
(9]. 

The world average for the A: lifetime determined in 1988 by the Particle Data Group 
(1] was 0.179::~g ps. Anjos et al. [BJ in 1988 published a value of 0.22±.03±.02 
using a sample of photoproduced A: 's. Our preliminary value of 0.20±0.03±0.03 
ps is quite consistent with both of these values. 

5 



D: Lifetime 
A preliminary result for the v: lifetime has been determined using a sample of 
</nr+ decays of the v: with iP-+ K+ K- . (Charge conjugate states are included.) 
The mass distribution for K+ K- combinations where both tracks a.re required to 
be Cerenkov consistent with the kaon hypothesis shows a clear ifi peak as seen in 
Fig. 3. A fit to this distribution with a P-wa.ve Breit-Wigner signal function and 
a second-order polynomial background yields a.bout 100,000 </i's with a mean mass 
of 1019.54±.02 MeV/c2 and a width of 6.1 ± 0.1 J.feV/c2

; this mass is quite close 
to the accepted value[l]. All </i candidates with K+ K- masses of 1020±10 AfeV/c2 

were selected for the v: analysis. 

The sample was obtained in a manner similar to that described for the A: case. 
The K+ and K- tracks from the </i candidates described above were combined with 
single tracks identified in the Cerenkov system as consistent with the pion hypothesis 
to form the initial three-track combinations for vertex fitting. The x2 per degree 
of freedom for the K+ K-1'(+ secondary vertex was required to be less than 3.0. 
Again the momentum vector resulting from these three tracks was used as a seed 
for the primary vertex. The primary vertex was required to be in the target region 
and the secondary vertex was required to be downstream of the primary vertex. 
Unlike the A: analysis, there was no requirement that the individual tracks be 
muon inconsistent or that the state energy be within certain limits. However an 
additional cut was made. For the decay v: -+ ~+, the distribution for the angle 
between the K+ and the 'I'(+, when viewed in the 4' rest frame is expected to be 
dN/tlcos9 ex: (co~9)2 • The forward/backward peaking in the cosO distribution can 
be exploited to improve the signal-to-background ratio in the v: analysis since our 
spectrometer has flat acceptance in 0. For the v: analysis, a cut of jcosOI ~ 0.3 
was used. This cut retained 973 of the signal while removing a.bout 303 of the 
background. 

The 4'1'( mass distributions for various cuts on the significance, L/ u1., of the vertex 
separation were studied. Figure 4 shows four plots of 4'1'( mass with different cuts on 
L/uL. Two prominent peaks are present. The higher-mass peak corresponds to the 
v: and the lower to the Cabibbo-supressed decay of the D+. It is quite evident that 
as L/uL is increased the peak for the longer-lived v+ becomes increasingly larger 
relative to the v; peak. 

For the final sample used in the v: lifetime determination, a c11t of L/u1. > 3.0 
was imposed. A fit to the corresponding mass distribution with a function including 
two Gaussian signals a.nd a. background term linea.r in mass yields the following 
signal para.meters: for the D; peak the mass is 1967±2 MeV/c2 with u = 11.1±2.6 
MeV/c2 a.nd the yield is 104±15 events; for the v+ peak the mass is 1871±3 MeV/c2 

with u = 7.4±3.7 MeV/c2 and the yield is 50±10 events. The fitted masses a.re 
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consistent with the accepted values [ l]. 

The D.; lifrtime reported here was d..termined using an event.by.event maximum· 
likelihood fit of a function similar to that used in the A: analysis. However, the 
likelihood function l differed from that for the A: in severe.I ways. The proper time 
t = L/(/31c) (unmodified for the L/uL cut) was used as the fit variable rather than 
t' = (L - 3.0uL}//31c. 

The signal function S; contained two terms, the first term for the D; decay and the 
second for the Cabibbo-suppressed decay of the D+ : 

The function f(t) is a correction function including the effects of acceptance as a 
function of proper time and of secondary particle absorption in the target. This 
function was determined on the basis of Monte Carlo studies and was parameterized 
as a second order polynomial in t. 

Studies of the background were performed [10] using four mass sideband regions, 
two above and two below the mass region containing the D: and D+ mass peaks. 
Fits were made to the distributions in proper time t = L/(/31c) for the various 
background regions. Again, single-exponential and Gaussian functions did not ad­
equately describe the backgtound proper time distributions but good fits could be 
obtained with a double exponential function. The parameters TB,, TH, and C de­
termined from these fits were consistent with being mass-independent. The douhle 
exponential form is consistent with the resolution in proper time expected from 
Monte Carlo studies. The form of the function B; used in the final fit was 

B, = g(m;)(exp(-t;/T8 ,) + C exp(-t;/T8, )) . 

A linear polynomial function, g(m;), was sufficient to fit the background mass con­
tribution. Initial values for the background parameters TB,, TH, and C were obtained 
from fits to the background regions and were also tested on Monte Carlo data sam­
ples with no charm component. The parameters were then allowed to vary in the 
fine.I fit; the final values T11, = 0.11±0.01 ps, Ta, = 0.53±0.07 ps, and C = 0.14±0.03 
still adequately described the background regions. 

The fit functions S; and B, were normalized over mass and proper time. For mass, 
they were normalized over the total mass range from 1.7 to 2.1 GeV /c·', while 
for proper time t they were normalized on an event-by.event basis over the range 
tmin to tmnro The value oft'"'" was 3u1 . .f (/31c), while tmar was determined by the 
requirement that the decay occur upstream of a trigger counter just upstream of 
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the first microstrip plane. It is not possible to accurately determine vertex positions 
downst.ream of the fir•t silicon micro•lrip plane. However, the trigg.-r counl.t'r is 
sufficiently far from the target that very few v: decays are expected beyond this 
point. 

The fit yielded a value of 0.50±0.06 ps for the v: lifetime. The fitted lifetime for the 
Cabibbo-suppressed D+ was 0.90±0.13 ps. If the same type of fit is done without 
the correction function (i.e. J(t) is set equal to 1.0) the resulting lifetime values 
are 0.53±0.07 ps for the v: lifetime and 1.09±0.19 ps for the D+ li£etime. Figure 
5 shows a distribution in proper time l for events in the narrow D: mass region 
from 1.94 to 1.99 Ge V / c2 together with the curve corresponding to the fit. Further 
studies of systematic uncertainties are in progress. Preliminary estimates of the 
systematic uncertainty are ±0.03 ps and ±0.10 ps for the v: and D+ , respectively. 
Much of this analysis on the v: lifetime has been performed by J. D. Cunningham 
of the University of Notre Dame. 

Our preliminary lifetime values of0.50±0.06±0.03 ps for the v: and 0.90±0.13±0.10 
ps for the D ~ may be compared with recently published values. Our preliminary 
value for the v: lifetime is somewhat larger than (although not inconsistent with) 
the world average of 0.436::~g~ ps. given in Ref. [l]; it is still closer to the more 
recent average value of 0.46±.04 ps. quoted in Ref. (2]. Our preliminary value 
for the D+ lifetime is somewhat lower than the average values of 1.069::::::~ ps. 
and 1.082±.032 ps. from Refs. (1] and [2], respectively, but is of low statisti­
cal significance due to the limited statistics available for the Cabibbo-suppressed 
D± -+ </nr decay modes. Preliminary lifetime values of greater statistical signifi­
cance obtained using data from Fermilab E687 for other decay modes of the charged 
and neutral D mesons are given in Ref. [3]; the values for the v+ are consistent 
with the averages cited above. 

Branching Ratios for Charm Decays 

Measurements of the decay rates for the many decay modes of the charmed mesons 
can, in principle, provide valuable tests of the mechanisms for decay. Many decay 
modes have already been observed and values for many branching ratios have been 
determined. But the errors on many of these determinations are still substantial; 
there is a need for all the ad,Jitional information we can get. E687 is a potential 
source of much information on the subject. Obtaining final values is not a simple 
task. The first step of determining branching ratios requires careful estimates of 
detection efficiencies for different modes. The ratios often are quite sensitive to 
such factors as the Cerenkov identification efficiencies for kaons. Measurement of 
absolute branching fractions is still more difficult, since an absolute normalization 
is needed in addition. E687 now has good samples of many decay modes of the 
charmed mesons. The study of relative detection efficiencies is well under way in 
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several cases and results for various branching ratios are expected to be available by 
the t.ime of I.hi• ronfnrnce. Tnitinl r•l.imRl.ro of hr1tnching frMtions cftn he mR<l<' hy 
using other published results; measurements of branching fractions b1tsed entirely 
on E687 results will follow. 

Presented here, as an example of the work in progress, are preliminary results 
on D" -+ K.~ K+ K- and D" -+ K~ ,,.+,,.- decays reconstructed in the spectrome­
ter. Of special interest is the decay D" -+ K"<P since it can serve as a test for the 
presence of non-spectator decay processes[4]. The situation has been summarized in 
Ref. [2]. The average value of the branching fraction B( D" _, K"<P ) from three ex­
periments [11][12][13] was (0.83 !g:rn)3. A recent report on decay modes of charmed 
particles from CERN NA32[14] lists a still larger value for this branching fraction, 
although with rather large uncertainty: B(D"-+ K"<P) = (1.70 ± 0.58)3. This rate 
is rather large, considering the need for producing an additional ~s pair. The effect 
was initially interpreted as due to annihilation decays, but it has also been ascribed 
to rescattering effects in final states produced by spectator decay. Calculations using 
QCD sum rnles by Blok and Shifman [15] and the factorization approach of Bauer, 
Stech, and Wirbel [16] have yielded predictions of about the same size branching 
fraction as has been measured; the 1/N phenomenology of Buras, Gerard, and Rucki 
[17] predicts smaller values. A better understanding of the mechanism of this decay 
may require better measurements as well as better results on other non-spectator 
decays of the D" and n: . E687 should provide some of these results. 

Samples of the decays D" -+ Kg K+ K- and D0 -+ K~ ,,.+,,.- have been extracted 
from the E687 first-run data. The latter decay is more likely and thus statistical er­
rors on that sample are smaller; it will be used as the reference for branching ratio de­
terminations. The K~ ,,.+,,.- system is sufficiently similar to the K~ K+ K- system 
that most systematic effects should tend to cancel in ratios. However, studies of cor­
rections involving the detection and identification efficiencies for charged kaons and 
pions must be completed before final branching ratios can be presented. Preliminary 
results will be presented here. 

The starting point for this analysis is a sample of events containing about 106 

reconstructed K~ mesons which decay between the target and the first propor­
tional wire chamber in the spectrometer (just downstream of the first magnet). 
In Fig. 6 is shown the K~ mass distribution for the sample used for K~ K+ K- and 
K.~ ,,.+,,.- event selection. The fitted K~ mass is 497.1 MeV /c2 and the width is 5 
MeV /c2

• 

In selecting candidates for D0 -+ K~ K+ K- and D" -+ K.~ ,,.+,,.- decays, the can­
didate K~ mesons were required to satisfy a number of criteria including cuts on 
the reconstructed mass and on the K~ vertex fit. For D" -+ K~ K+ K- decay 
candidates, the charged kaon candidate tracks were required to be Cerenkov consis-
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tent with the kaon hypothesis; for vu --+ K~ 11"+11"- decay candidates, no Cerenkov 
identifiralion Tt'l'J'lir .. ments W<"Te pl1tred on the pion candidates. In holh cJtSes the 
invariant mass of the three-particle system was required to be in the range 1.6 to 
2.1 Ge V / c2 • The primary and secondary vertices were reconstructed in a manner 
similar to that previously described. Confidence level cuts were made on the vertex 
fits. The primary vertex was required to include at least two tracks in addition to 
the seed track. L/u1, cuts were then applied to select the final samples. In select­
ing the K~ 11"+11"- sample, a stringent cut of L/u1, > 10.0 was applied in order to 
improve the signal-to background ra.tio. For the sma.ller K.~ K+ K- sample a. cut of 
L/u1. > 3.0 wa.s used to provide a.n a.dequate signa.1-to-background ratio while still 
yielding a signal of rea.sonable size. Studies are being ma.de to check for possible 
systematic effects associated with the L/u1, cuts. As a final cut, the momenta of 
the vu ca.ndidates in each sample were restricted to be between 45 and 160 GeV /c2 • 

This ensured that the ca.ndidates have momenta in a region where spectrometer 
acceptance was good. 

The resulting ma.as distributions a.re shown in Fig. 7. Superimposed on the distri­
butions a.re curves for fits with a Ga.ussian signa.I plus a. polynomia.I background. For 
the K~ 71'+71'- case a linear background provided a good fit; for the K~ K+ K- case a 
quadratic background was needed. The V" signal parameters for both deca.y modes 
are shown in Table 1. The fitted masses are consistent with the accepted V" mass 
value of 1864.5 MeV /c2 from Ref. [l]. 

Table 1. V 0 Signal Parameters. 

parameter K~ 11"+11"- K~ K+K-

Yield 215 ± 28 35.2 ± 8.8 

Mass 1863.5 ± 2.0 MeV /c2 1867.4 ± 1.7 MeV/c2 

Width 13.5 ± 2.0 MeV /c2 5.7 ± 1.8 MeV /c2 

Signal/Noise 0.8 0.9 

In order to compute branching ratios, the raw experimental distributions must be 
weighted to account for spectrometer acceptance, and for reconstruction and particle 
identification efficiencies. Acceptance functions ha.ve been determined as a function 
of V" momentum for each of the samples. Monte Carlo samples of events were 
generated and binned in momentum intervals small enough so that the variation in 
acceptance is not too large within a bin. The Monte Carlo events were reconstructed 
with the same programs and subjected to the same cuts as the data. The distribu­
tions of the fraction of events in each bin which surviv_e are fitted with polynomial 
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curves to determine overall acceptance functions. Each real event is then weighted 
by the inverse of the 11ccepl.11nre funrtion evahrnterl •t I.he •ppropri111 . .., momrnl.um. 
The weighted mass distributions can then be fitted in the same manner as the raw 
data distributions and the resulting fitted D" signal parameters can be used to de­
termine the inclusive branching ratio B(D" __, K° K+ K- )/ B(D" __, K 01r+1r- ). 

For the D" __, K~ 1r+1r- sample the efficiency determined from the Monte Carlo 
studies for the L/u1. > 10.0 cut peaks at about 73 and varies by no more than a 
factor of 3 to 4 over the D0 momentum range chosen for the real event samples. 
For the D" _, K~ K+ K- sample the efficiencies for charged kaon identification as 
a function of momentum are still under study. Event weights for the following pre­
liminary estimates of branching ratios have been determined by combining weights 
from a Monte Carlo sample without the Cerenkov cuts with individual weights for 
charged kaon identification efficiency determined from empirical studies of samples 
of D" and D± mesons with decay modes including single charged kaons. The re­
Rulting weights vary over the chosen D" momentum range by factors comparable to 
those for the D 0 -> K~ 1r+1r- sample listed above. The weighted mass distributions 
have been fit led in the same manner as the unweighted distributions. The distribu­
tions and fitted curves are shown in Fig. 8 and the preliminary weighted D" signal 
parameters are shown in Table 2. 

Table 2. Weighted D0 Signal Parameters. 

parameter K~ 1r+1r- K" K+ K-s 

Yield 4370 ± 660 860 ± 220 

Mass 1861.9 ± 2.1 MeV /c2 1867.7 ± 2.0 MeV /c2 

Width 13.1 ± 2.6 MeV /c2 7.0 MeV /c2 fixed 

Signal/Noise 0.6 0.8 

The inclusive branching ratio B(D" _, K° K+ K- )/B(D0 
_, K"1r+1r- ) is simply 

taken as the ratio of the weighted yields. The preliminary result, with statistical 
errors only, is: 

B(D" _, KOK+K-) _ N(D0 --+ K~ K+K-) 
B(D" _, K 0 1r+1r- ) - N(D" --+ K~ 1r+1r- ) 

;: 0.20 ± 0.06 
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This value may be compared with the world average [l) of 0.20±0.05. The values of 
the branching frart.ion for D" -+ K"'lf+'lf- of 5.6~;~:[i3 from Ref. [I] anrl 6.1±0.43 
from the Mark III Collaboration [18] can be combined with our branching ratio to 
give preliminary values for the absolute branching fraction for D" -+ K° K+ K- of 
1.10±0.353 and 1.26±0.383 respectively. 

In Fig. 9a is shown a two-dimensional scatter plot of K+ K- mass as a function of the 
candidate K.~ K+ K- mass for the total K~ K+ K- sample. Also shown in Figs. 9b 
and 9c are the corresponding unweighted K~ K+ K- and K+ K- mass distributions. 
The D" can be seen in the scatter plot and the corresponding mass peak can be seen 
in the K~ K+ K- mass distribution. A clear ¢i band can be can be seen in the scatter 
plot and the ¢i mass peak can be seen at about 1020 MeV /c2 in the K+ K-mass 
plot. There appears to be an enhancement where the bands overlap on the scatter 
plot. To determine the fraction of D0 -+ K.~ K+ K- decays corresponding to the 
two-body decay D"-+ K~ ¢i, we have selected K~ K+ K- events with K+ K-mass 
in the ¢i band defined as 1.010 < M(K+ K-) < 1.030 GeV/c2 • The unweighted 
and weighted K~ K+ K- mass distributions for candidate events in the ¢i region are 
shown in Fig. 10. There is a clear D0 signal. Parameters for the D" signal from fits 
to the distributions of Fig. 10 are given in Table 3. No attempt has been made to 
correct for any small contribution from non-¢ K+ K- pairs which fall under the ¢i 
peak. The possible existence of such a contribution is under study. 

Table 3. Unweighted and Weighted D0 Signal Parameters for the ¢i Band. 

parameter unweighted weighted 

Yield 13.8 ± 4.3 364 ± 118 

Mass 1867.7 ± 2.3 MeV/c2 1868.0 ± 2.9 MeV /c2 

Width 6.2 ± 2.3 MeV/c2 7.1 ± 2.6 MeV/c2 

Signal/Noise 2.2 2.4 

Taking into account the known branching fraction ( 49.5 ± 1.0)3 for ¢i -+ K+ K- , 
the branching fraction for B(D0 -+ K"efi )/B(D0 -+ K.~ 'lf+'lf- ) is determined from 
the ratio of acceptance-weighted K~ ¢i and K~ 'lf+'lf- signal yields as 

B( D" -+ KO¢i ) 
B(D" -+ K0 1f+1f- ) 

N(D" -+ Kg K+ K- )'°""' = ~,.-,,.....~,...,,~,-"-,.--,,.-~~~.....-,. 

N(D0 -+ K~ 'lf+'lf- )B(¢i-+ K+ K-) 

= 0.16 ± 0.06 
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where again the error is statistical only. This preliminary value is consistent with the 
ARGUS resull[ll] of 0.155 ± 0.033. H the bra.nrhing ratios for D" _, K' 111:+11:- from 
Refs. [1] and [18] are again used, preliminary estimates are obtained for the absolute 
branching fraction B(D0 --+ K"¢ ) of (0.90 ± 0.39)3 and (1.02 ± 0.37)3 in reason­
able agreement with the average of the three other experiments [11] (12][13] which 
have reported observations of this mode: B(D" _, K"tf>) = (.83 ~~:::)% (ARGUS, 
CLEO, Mark Ill average). 

A rough estimate of the D0 --+ K" K+ K- non-K'.; to D0 --+ K 011:+11:- branching ratio 
can be made by fitting the mass distributions for K~ K+ K- events excluding the 
tf> region. A preliminary value from these fits is 

B(D0 --+ K°K+ K- - ) 
-----~~-"""0'-n_--"K'-0"--'° = 0.15 ± 0.05 

B(D0 --+ K 0 11:+11:- ) 

where again no allowance has been made for possible small non-¢ contributions in 
the tf> band. 

Other possible contributions to the D0 --+ K°K+ K- channel in addition to K 0¢ 
include K"a11(980) and non-resonant K° K+ K- final states(l3]. To obtain better 

·determinations for the contributions of the different modes an overall fit to the 
Dalitz plot for this channel is being made. In the D0 --+ K 011:+11:- channel possible 
contributions include K•-11:+, K 0 p0

, and non-resonant K 0 11:+11:- . Fits to the Dalitz 
plot for this system will also be made. Most of the analysis described in this section 
is being done by R. W. Gardner of the University of Notre Dame. 

Summary 

Candidate driven charm selection algorithms have been applied to photoproduc­
tion data from the first run of Fermilab experiment E687. Several of the re­
sulting event samples have been described including A: --+ pK-11:+ , n: _, ¢11:+ , 
D" _, K~ K+ K- and D0 --+ K~ 11:+11:- decays. Preliminary lifetime values for the 
At and n: are presented. Preliminary values for some D" branching ratios are 
given. 
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Figure Captions 

Fig. l Effective mass distribution for accepted pK-,,.+ and charge conjugate combi­
nations after all cuts. The curve is a fit with a Gaussian signal plus a quadratic 
background as described in the text. 

Fig. 2 Distribution in corrected proper time t' = (L - 3.0ul.)/{3-yc for At -+ pK-,,.+ 
candidates with masses between 2.10 and 2.45 GeV /c7 • The curve is a fit 
described in the text. 

Fig. 3 The effective mass distribution for K+ x- combinations where both tracks are 
Cerenkov consistent with the kaon hypothesis. The curve is a fit with a P­
wave Breit-Wigner signal function for the ¢> and a second-order polynomial 
background. 

Fig. 4 Distributions of q,,,,. mass for different cuts on L/<rL . The curves are fits with 
Gaussian signals for the v+ and v: and a linear background term. . 

Fig. 5 The binned distribution in proper time t for q,,,. candidates with masses in the 
narrow v: mass region from 1.94 to 1.99 GeV /c2• The curve is a fit describd 
in the text. The effects of the L/ <ri cut can be seen at small t. 

Fig. 6 The K.~ mass distribution for the event sample used as a starting point for 
D 0 -+ K~ K+ K- and D" -+ K~ 11"+,,.- candidate selection. 

Fig. 7 Unweighted distributions of K~ ,,.+,,.- and K~ K+ K- effective mass for D" 
decay candidates with L/ui > 3.0. The fits are described in the text. 

Fig. 8 Weighted distributions of K~ ,,.+,,,.- and K~ x+ x- effective mass for D" 
decay candidates with L/ui > 3.0. The fits are described in the text. 

Fig. 9 The two-dimensional scatter plot of x+ x-mass as a function of the candi­
date K.~ K+ x- mass for the total K~ x+ x- sample (a) together with the 
corresponding unweighted K~ x+ x- (b) and K+ K-(c) mass distributions. 

Fig.10 Unweighted and weighted K~ K+ K- mass distributions for D" candidates in 
the ¢> region. The fits are described in the text. 
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