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Using a data sample with an integrated luminosity of 3.9'fbollected ine*e™ annihilation with the
CLEO-II detector at the Cornell Electron Storage Ring, we have measured the branching ratios for the decay
modesDy —(#,7')m" andDJ —(#,7")p" relative toD{ — ¢7*. These decay modes are among the most
common hadronic decays of tHg , and can be related by factorization to the semileptonic deBays
—(7n,7')/ " v, . The results obtained are compared with previous CLEO results and with the branching ratios
measured for the related semileptonic decays. We also report results on the Cabibbo-suppressed decays of the
D* to the same final stateES0556-282(198)00417-2

PACS numbgs): 13.20.Fc, 13.65i, 14.40.Lb

[. INTRODUCTION can be simply related to the corresponding semileptonic de-
cay rate evaluated af=m>:
Among the most common hadronic decay modes for the
D. are the decay®. —(7,7')w" andDJ — (7.7 )p",
where the notatiorD;'—>(7;,7;’)7r+ represents the decays F(D;an+)=6w2a§ff,lvud|2
DS —nm* andDJ —»'7". As can be seen from Fig. 1,
they are related by factorization to the semileptonic decays ><£(D+—> /) g m? 1)
DS —(7.%')/ " v . This relation has been extensively dis- dgz'=s 7 Y laz=my -
cussed by Kamal, Xu, and Czarne¢ki. One prediction of

the factorization hypothesis is that tBe decay rate tayp*
Here f, is the decay constant for theanda, is a strong
interaction coefficient that is measured in two-body hadronic

*Permanent address: University of Texas, Austin, TX 78712. DO decays.

"Permanent address: BINP, RU-630090 Novosibirsk, Russia. To test this factorization prediction experimentally, a
*Permanent address: Lawrence Livermore National Laboratoryshape for the form factor must be assumed. It is expected to
Livermore, CA 94551. be very close to the form factor f@°—K ~e* v, for which
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u using proportional tubes interleaved with iron. A more com-
. < e plete description of the detector can be found elsewf&e

[
D’ T , Il. EVENT SELECTION
5

All events in this analysis are required to pass standard

CLEO criteria for hadronic events. Since all the signal

modes involve only pions in the final state, systematic errors

+ are reduced by imposing no hadron identification cuts on
<Z either signal modes or the normalization mode. BJJ can-
e v didates are required to have= PDS/PmaX>O.63 G%ax

- CK' =Epean-M5) to suppress combinatoric background.

s f ¢, Throughout this paper, reference to a particular charge state
implies the inclusion of the charge-conjugate state as well.

FIG. 1. Related Feynman diagrams for hadronic and semilep- All photons are required to be in the good barrel region of

tonic D, decays. the calorimeter |cos6/<0.71), to have a minimum energy
of 30 MeV, and to not match the projection of a charged
T'(D°—K e*v,) ‘ tracl_<. We choose pairs of _photcgns whose in\_/ariant mass is
=1.30+0.01 Gel. within 2.5 o(M) of the nominalr” mass;o(M) is approxi-

0 —at 2
di(D7—K e ve)/dg ‘(qz:mi) mately 6 MeVt2. We then kinematically constrain thgy

pairs to the nominatr® mass in order to improve the mo-
This number is calculated using the CLEO measurement afentum resolution of ther®. We also require thdcosé,o|
the form factor[2]. Assuming a similar pole shape for the <0.8, whered o is the angle between ongin the 7° rest
D. form factor yields the predictiod’(DJ — 7p*)/T(DJ frame and ther® momentum in the laboratory frame. The
—netvy)~29 and I'(Di—#'p")/IT(DS—n'e*v,)  signal is flat in cow,0 and the background peaks toward
~2.9[3]. cosfo=+1.

In 1992 CLEO[4] measured the branching ratios for the For »— yy decays, they is selected in a manner similar
hadronic modes studied here using a much smaller dat@ the 7°, but with the additional constraint that photons
sample of 0.69 fbl. Combining these measurements with which could be paired to make®'s with momentum greater
the more recent CLEO measurements of the semileptonithan 0.8 GeV¢ are rejected. We also detegts using the
modes [7], we calculate the I'(DJ—»np™)/T(DJ n—a 7 7% decay chain, although this mode gives a
—petry)=4.3+1.1 andI‘(DS+—> 77'P+)/F(Ds+—> 7€ v sample with fewer events and less significance than the two-
~14.8+5.8. The last number is well above the factorizationPhoton decay mode. Ax°® momentum greater than
prediction of 2.9. Models that modify the factorization pic- 0-4 GeVk is required. All7 candidates within 2.5(M) of
ture to include final state interactions are able to fit experithe nominal mass are considered, whet@M) is the rms
mental measurements for a long list of charm decay modednass resolution for the given mode, typically about
Even those models, however, cannot account for the very4 MeV/c? for the yy mode and 6 MeW? for the 7" 7~ 7r°
large branching ratio fob! — 5’ p* [5,6]; there appears to mode. In order to improve the momentum resplutlon of the
be no other mode that can rescatter to this mode in sufficiertt: the decay particles from the are kinematically con-
quantity to produce such a large branching ratio. strained to the nominap mass. L

Because of the interest in these branching fractions, we 1O Selectn’ candidates we use thgm 7~ f”013| state,
have remeasured them using the much larger data sampféhere they is detected in bothyy and 7" =~ => modes.
now available. In the present analysis we use data corrd30th 7 and 7’ candidates are kinematically constrained to
sponding to an integrated luminosity of 3.9 fb(which in- the nominal mass in order to improve the momentum reso-

cludes the 0.69 fb used in the previous analysi® remea-  lution. _ L o .
sure the four modes D+—>(17 »)m"  and D+ Reconstruction efficiencies and invariant mass resolutions
l s ) S

—(n,7')p". The data were collected with the CLEO Il Were determined by using @eANT-based[9] Monte Carlo

detector at the Cornell Electron Storage Ri@ESR, at (MC) simulation of the detector.
center-of-mass energies equal to the mass ofyit#S) and
in the continuum just below th¥ (49 resonance. 11, D; DECAYS INTO MODES CONTAINING A =%

The CLEO-II detector is designed to detect both charged . o ) o )
and neutral particles with high resolution and efficiency. The Five modes are studied in which a pion is produced in the
detector consists of a charged-particle tracking system sutveak decay:
rounded by a time-of-flight scintillator system. These are in N N o o
turn surrounded by an electromagnetic calorimeter which (1) Ds — ¢ (the normalization mode #—K™K
consists of 7800 thallium-doped Csl crystals. This inner de- (2 Ds — 77", n—yy
tector is immersed in a 1.5 T solenoidal magnetic field gen- (3) Dg —n@*, n—m 7™ @
erated by a superconducting coil. Muon detection is achieved (4) D;re nat, g —gwtaT, np—yy

0
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FIG. 2. lllustration of the helicity anglefx+. All vectors rep-
resent momenta in the rest frame.

Events / (10 MeV / ¢?)
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(B) DI—=n'w", p—guta, poata 7C

We require the pions that come directly from the weak decay
to have momentum greater than 0.7 Ge\ahd then or 7’
from theD to have momentum greater than 1 GeVThis
reduces the background from random combinations.

P T T M R R I

1.7 1.8 19 2.0 21 2.2

M, +(GeV/ 3

A.D{— ™ FIG. 4. The M(y=") distribution for (8 7—yy, (b) 7
Since this decay involves a pseudoscalar meson decaying 7" 7~ 7°.

into a vector meson and a pseudoscatar, the ¢ must be

polarized in the helicity zero state. We take advantage of this (3) The shape of the function used to representBie

by cutting on co®k-+, where 6+ is the angle between the —(¢,7n,7")pt feedthrough is determined from Monte

K™ momentum and the direction opposite to ¢ momen-  Carlo simulation. This feed through causes a broad peak in

tum in the ¢ rest frame. The angle is shown in Fig. 2. The the mass of the¢, », ') =" system centered at 1.7 Ged?/

signal has a c639K+ distribution, while the background is which is parameterized with a Gaussian. The normalization

flat in cosék+. We require|cos c+|>0.45. of the feedthrough is determined from the measurement of
We select¢) mesons within+8 MeV of the peak mass, the branching rati¢4].

and form thegw* mass spectrum shown in Fig. 3. Tier (4) A second-order Chebyshev polynomial is used to rep-

mass distribution shows two clear peaks, one fromDie  resent the combinatoric background.

and the other from th® *. To fit the spectrum we use four

functions: This fit yields 374891 D events. In all other fits, four

functions are also used, although the combinatoric back-

(1) TheD_ signal is fit to a sum of two Gaussians with a ground shape depends on the particular mode.
common mean; the widths and relative areas are fixed to
values determined from the Monte Carlo signal simulation.
The mean is allowed to vary in the fit.

(2) The D" signal shape is of the same form as for the
DJ, with the mass constrained to be 0.099 GeMess than
the DJ mass, which is the precisely measured mass differ

B.Df—gyw™*
In Fig. 4 we show theps™ invariant mass spectrum for
both decay modes of the. The signal peaks are evident for

both theDJ and D*. The peak at théD; contains 766
+44 events for the channel— yvy, and 154 22 events for

ence[10]. . N
[10] the channelyp— "7 #°. Multiple entries into the plot
3000 T T from a single event are allowed, and no effort is made to
5 select among them. The number of multiple entries is negli-
o i gible for all decay modes discussed in this paper except for
> 2000 those using they— 7" 7~ 7° decay. In Table | we list the
2 |
= _
g i TABLE I. Fit results forDJ —(7,7’)x". B is the branching
.g 1000 ratio of the¢(#,n') decay mode that is used.
>
T Mode N (%)  eB(%) T/T(pr)
01.7. L .11-8. L ,1!9| L .210. Lt .2[1. L .2.2 (1577' 374891 19.1-0.2 9.4
M+ (GeV/c?) Ny 766+44 9.60.1 3.7  0.52:0.03:0.04
NanT 154+22 4501 1.1  0.35:0.05+0.06
FIG. 3. TheM(¢ ™) distribution. The larger peak is due to the 7'(7,,)m 479+26 6.7+0.1 11 1.090.06+0.07
decayDJ — ¢7*; the smaller peak at lower mass is dued 7' (93,) 7T 58+9 1.9-0.1 0.2 0.7%0.11+0.12

—om’.
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yields for different channels and their efficiencies Df TABLE 1. Fit results forD™—(7,7')7".
decay. We also list the measurement for the rdti® <

— 7, m)IT(D{ —¢m*). In the tablee is the efficiency __ M°%® N %) B®)  T/T(em)
andeB is the efficiency multiplied by the branching fraction ¢« 1133+72 20.3-0.2 9.9

of the secondary decays. The systematic errors for the effiy, 225+38  9.6+0.2 3.7 0.5 0.09+0.05
ciencies relative to thegw" mode have several sources and 7,7 50+20 4.6-0.1 1.1 0.4@0.15+0.07

differ slightly from mode to mode. For th@Ww+ mode the  7'(7n,,)m 114+18 6.8-0.1 1.1 0.96:0.14+0.07
systematic error includes uncertainties in the relative charged;’ (#;,) 7 12+7 1.9+0.1 0.2 0.52-0.29+0.09
track (4%) and photon detection efficienci€s%). We stud-
ied the Monte Carlo shape by letting the width of the two
Gaussians vary in the fit and then calculated the shift in thenass provides a kinematic constraint, helping to improve the
central value, giving us an uncertainty of 3%. We also usedesolution for thep’ 7 mass. As a result, these modes are
different background shapes to determine the uncertainty dusignificantly cleaner thaD ] — n7*. We require the mo-

to the unknown background shape, and obtained an error ahentum of theyn’ to be greater than 1.0 GeV/c.

4%. The total systematic error obtained by adding these un- INnDy*—'#w", ' = a7, p—=" 7~ =°, we found
correlated errors in quadrature is 8%. For the,7" mode that there are many events with multiple combinations of
the systematic error includes uncertainties in the photon depions which satisfy our selection criteria. Most of them come
tection efficiency(5%) and in the signal5%) and back- from real»’ decays in which different rearrangements of the
ground(8%) shapes. In addition there was a systematic errosame four charged piori$wvo directly from the»’ and two

of (10%) due to the modeling of multiple entries. The frac- from the 7), plus the=®, pass ourp and 7’ cuts. In these

tion of all entries in the plot due to multiple entries is aboutcases, the candidate has the properr™ mass even if these
25%, and the 10% error quoted is an estimate of how welhssignments are not all the correct ones. We take only one
the multiple entries are simulated. The total systematic errocandidate per event, choosing the candidate with the mini-
obtained by adding these uncorrelated errors in quadrature isum value of ay? based on ther®, », and ' massesy?

15%. = (M) 02, +(8M )% 0% + (M n0) % o2,

The measured ratio fdf (D¢ — 73,7 ")/T(Dg — ¢7") In Fig. 5 we show they’ 7" invariant mass spectrum for
shown in Table | is approximately two standard deviationspoth 7 decay modes. The peak at tie" mass contains
lower than the corresponding ratio for thg, mode, taking 479+ 26 events for the channej— yy, and 589 events
into account the systematic errors which are not in commomgr the channely— =+ 7~ w°. The efficiencies and relative
to the two modes. The measurementsDaf— 7’7", de-  pranching ratios are shown in Table I. The systematic error
scribed in the next section, show a similar discrepancy, as den the branching ratio measurement due to the uncertainty in
theD"— 7" and ' 7", although those have less statisti- charged track efficiency is negligible for the case #f
cal significance. As a result, we searched in some detail for a, yy because the final state has the same number of charged
systematic discrepancy in reconstructing the twalecay tracks as the normalizing mode. The main contributions to
modes. To calibrate the relative efficiency for these modeshe systematic error are the uncertainties in the photon detec-
and to check the reconstruction program, we studied events
of the typeD* *— D% " with D°—K*%%. This has a very 240
large and clean signal, and ahnmomentum spectrum very
similar to that for theD_ decays. Using this process, we
measure B(7— vy)/B(p— 7+ 7~ 7% =1.53+0.16+0.10, 160
compared to the Particle Data GropDG) value of 1.64 120
+0.04[10]. This confirms that the relative efficiency for the
two decay modes of the; is reproduced properly in the
Monte Carlo simulation. Other checks using the data also
reproduced the expected ratio oB(7n—yy)/B(n
— "7~ 7%, although with limited statistical power. Since
we were unable to isolate any systematic effect, we attribute
the difference between the twd_, — »7* measurements to
an unlikely set of statistical fluctuations. 20

The yields and relative branching ratios for all of thé
decays into the same final states are shown in Table II. The 10
efficiencies for theD* modes are generally very close to

LA L L B Y N N S A B B B B B B N B B

200 (a) 3

®
o

B
1)

w
o
-
o
~
L

Events / (10 MeV / ¢?)
(=]

P TR IR

those for the correspondir@, decays. o
1.7 1.8 1.9 2.0 2.1 2.2
2
C. D;—)n”ﬂﬁ— Mn,7r+(GeVIC )
For this mode, we can apply cuts on both thenass and FIG. 5. TheM(#'«*) distribution, using the decay modg

the »’ mass, reducing the background substantially. Each- »=" 7~ with (@ n— vy, (b) n—= 7 «°.
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FIG. 6. TheM(#p™) distribution, with 7— yy.

tion efficiency(5%) and in the shapes used to describe the

signal(3%) and background3%,). The total systematic error
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obtained by adding these uncorrelated errors in quadrature is FIG. 7. Dalitz plot ofDJ — np*, with »— yvy. The horizontal

6%. For the channeh— 7" 7~ «°, the main contributions

axis isM2 . o; the vertical axis i’ .. (a) Data signal region(b)

to the systematic error are the uncertainties in the efficiencgataMp_sidebands{c) MC signal;(d) MC simulation of nonreso-

for charged track$4%) and photon$5%) and in the shapes
for the signal(10%) and background4%), and in handling
of events with multiple combinationd0%). The last error is

nant 7 w°, generated according to phase space.

moving the cuts on the helicity angle and on thé7° mass.

a conservative estimate of how well the process of choosingn Fig. 7 we show four Dalitz plots(a) the signal region in
the best candidate is simulated in the Monte Carlo calculathe data, defined as 1.8M(nw" 7% <1.99 GeVt?; (b)
tion. The total systematic error obtained by adding these urthe Mp_ data sidebands, which are the mass regions 1.75

correlated errors in quadrature is 16%. The resulting mea< M (7" 7% <1.90 GeVLt?

surements are shown in Tables | and II.

IV. D} DECAYS INTO MODES CONTAINING A p*

The analogoudD; decay channels, where the* has
been replaced by a*, can be studied using very similar

cuts. Because of lower rates, lower efficiency, and a seriou
problem with multiple combinations within the same event,

and  2.0&M(ypm" 7°)
<2.24 GeVEt?; (c) the full Monte Carlo data of theyp™*
signal; and(d) a simulation using a parametrized Monte
Carlo data of nonresonantm " 7° events generated accord-
ing to phase space.

We do not expectpm resonant structures in this Dalitz
glot because isospin forbidss— nar. For all four Dalitz
plots, we recalculate the values oM?(y»px") and
M?(7" 70 so that the Dalitz boundary corresponds exactly

the p— "7~ #° decay does not add significantly to the - .
measurements of these modes, and is not used. A datd that of the mass of thB¢ [10], giving the sidebands the

sample with about 20% less integrated luminosity was use§@Me boundary as the signal region. This causes negligible

for the measurements of these modes.

A.D{—np*

For the decay modB®_ — 77p ", we need to consider the
possibility of nonresonany* 7° feedthrough. For Fig. 6,
we require the helicity angle to be in the rangmsé,|
>0.45, and the invariant mass of the" 7% to be within
+170 MeV/c? of thep* mass. A fit to the resultingy7* 7°
mass spectrum is shown, yielding 5883 D] — 7p™ can-
didates and 832 D" — »p* candidates; thus there is no
evidence oD * — p™. We cannot directly extract a branch-
ing ratio forDJ — np*, however, until we account for pos-
sible nonresonant feedthrough.

Although cuts on the helicity angle and on tpemass

smearing of thep™ resonance.

The most obvious feature of the Dalitz plot is that fie
region stands out so clearly in the data, even though there is
a significant norDS+ background which contains very little
p*. A binned Dalitz fit to the data distribution in the signal
region was performed using the sum of the distributions in
the other three plots in Fig. 7. The normalization of the non-
DJ component is fixed using a fit to thgp™ mass distribu-
tion as in Fig. 6 but without helicity angle andmass cuts.
The number of resonant and nonresor@fitevents is varied
in the fit, with no interference term allowed. The results of
the fit are shown in Table Ill. The systematic error includes
uncertainties in the efficiencies for charged trat¢k®) and
photons(10%) and the shapes for the sign@%) and the
background3%).

region can be used, the most reliable way to measure the As can be seen from Fig. 7, any nonresongnt™ 7°
resonant branching ratio is to fit the Dalitz plot. By doing signal is not easily distinguishable from background in the
this we make full use of the di-pion mass and the helicityDalitz plot. A total of 99-41+40 nonresonant events are

angle to isolate theyp™ signal. We therefore make a Dalitz
plot of all events with 1.94M (77" 7% <1.99 GeVEt?, re-

seen from the fit. Since this is not significant enough to mea-
sure the branching ratio, we use it to determine the upper
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TABLE IIl. Fit results forDJ —(7,7")p". 40 —————7———

Mode N €(%) €B(%) /T (¢)

ot 30081  19.1x0.2 9.4
np” 447+31  1.82-0.07 0.47 2.980.20+0.39
7'p* 13714  1.36:0.04 0.15 2.780.28+0.30

Events

limit I'(Df— pa*7%)/T'(DI—¢pnt)<1.1 at the 90%
confidence level.

In order to understand the systematic error due to possible
interference between the resonant and nonresonant decays
we also did a coherent Dalitz fit. The density of the events in
the Dalitz plot is represented by the expression cos 6 +

| =Ai+A§+ BX2A;A,c09 61— 65), FIG. 9. The helicity angle distribution for events in th§ mass
peak for the decay channBlf — 7'p™.

whereA; and §; are the amplitude and phase of the Breit-
Wigner resonanced, and 6, are the amplitude and phase of ields 18118 D' —n'p* events and —4+10 D~
the nonresonant decay, both of which are assumed to bé .4 .S 7P . ?_ A
constant, and is an additional constant which is allowed to 7 P, €Vents; thus there+|s no evidence @r —»'p".
vary from zero to one. The cad®=0 corresponds to no A}S for the case of Ehfe”’ dthdeca)r/] r_nct)de,lwvi ?_eeld tto tSUb'
interference between the resonant and nonresonant parts; tngtchigr]c);ggn;%i\cl)g\?enr ae?:)ali{;u?ot 'i'; ?1(??233 u!sne?ulsiﬁ gé a
caseB=1 corresponds to full interference, expected if therating the s:ignal frorr,1 backgroFL)md because the kinemgtic
nonresonant case were indeed a single partial wave with con: '

stant phase. The true case could lie anywhere between the$p 9¢ for the di-pion mass does not extend beyond the region

; . f
two limits. In the fit when the constaf is allowed to float oFthe p. We do not expecty’ = res_onant structures in this

it takes the value 0.240.20, consistent with no interference. Dalitz plot because isospin forbids— 7’ . We therefore
We therefore use the result from the incoherent fit to deterfit the angular distribution alone to e+xtract theomponent.
mine the branching ratio, and use the result from the coher?S for the case of the Dalitz fit fopp ", we use three com-
ent fit with B=0.44 to find a conservative systematic error Ponents in the fit(&) the resonant signal shape, a fourth-
from this source. This corresponds to a 3.6% error. The totgprder polynomial determined from the Monte Carlo, simula-
systematic error, obtained by adding this error in quadraturéion Which includes the distortion of the pure édk shape

. . : ) . +
with the other systematic errors mentioned above, is estidue to detector acceptancéy) a nonresonanDg shape,
mated to be 12%. which is linear; andc) a nonD_ background shape, which

is a first-order polynomial determined by fitting the side-
bands. As in the Dalitz fit, we fix the background normaliza-
. ) tion from theD_ mass fit, and vary the normalizations of the
The decayD{ — 7' p™ was reconstructed using the decay signal and nonresonant parts.

mode ' — nm " @~, with »— yy. We require the momen-  “Figure 9 shows the fit of the helicity angle distribution for
tum of the " to be greater than 1.0 Gevand the invariant  the events in thed! mass peak. The results of the fit are
mass of the two pions to be within 170 MeV of thep™  shown in Table IIl. The total systematic error of 11% in-
mass. In Fig. 8 we can see a clear peakof ,+ 0. The fit  cjydes uncertainties in the photon detection efficiefigs)
and in the signal4%), background(3%), and nonresonant

B.D—7'p*

I R (2%) shapes. The best fit has no nonresondhf
_eol N —n'7" w0 events, with an upper limit of 15 events. Con-
“% |} . verting this to an upper limit, taking into account similar
% i 1 systematic errors as for the resonance mode, we find that
Z a0l - (D=5 7*a%IT(Df—¢m*)<0.4 at the 90% confi-

i | ] dence level.

[}

§ 20 N i + +
] J TABLE IV. Fit results forD™—(#n,7")p".

A A B SRR A Type N (%) eB(%) T/T(¢p7)(90%C.L)
1.7 1.8 1.9 2.0 2.1 2.2
M",p...(GeV/cz) 7" 97065 20.3-0.2 9.9
7pt 8+32 21+0.1  0.55 <1.11
FIG. 8. The M(7'p") distribution, with ' = np7 7", 7 p'p* —4+10 1.7+0.1 0.19 <0.86

-V
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TABLE V. Measurements and predictions for branching ratios TABLE VI. Measurements and predictions for branching frac-
of D] decays. tions of D™ decays. The experimental upper limits are at the 90%
confidence level.

Mode  [/T(¢mt)  BSWI11] HK [5] BLP [6]

Mode Branching fractiori%) BSW[11] HK[5] BLP[6]

N 0.48+0.05 1.04 0.580.15 0.30

np 2.98+0.44 1.96 2.86:0.71 1.83 nm 0.30+0.06 0.004 0.680.21 0.34
n'ar 1.03+0.09 0.61 1.5%0.42 1.32 7p <0.68 0.06 <0.48 0.01
7'p 2.78+0.41 0.55 04333 0.59 n'w 0.50+0.10 0.16 <0.48 0.73

n'p <0.52 0.05 <0.07 0.12

The yields and upper limits on the branching ratios for the + Vo ., 0
D decays into final states with@" are shown in Table IV, 1a€B(Ds —7'p")=(10.0+1.5-2.5) /f Wher+e the second
error is due to the uncertainty in tH2; — ¢ branching

V. CONCLUSIONS fraction. This branching fraction is very large, con_sidering

o o _ that the flavor wave function of thg’ is only partlyssand

We have measured with improved statistics the branchinghat the rate is suppressed for suctPavave decay very
ratios of the two-body hadronic decays of tBe : Dy  close to threshold. There is no obvious mechanism by which

—qm, p'm", pp”, andy’'p”. The results are consistent final state interactions could cause such a large enhancement
with the previous CLEO measuremerj§] and have im-  of one of the dominant decay modes.

proved errors. Using weighted averages of the twmodes, Table V summarizes the measurements of branching ra-
our results foDJ —(n,7') 7" are tios for all fourD; decays and compares them with theoret-
+ N ical calculations. Models which are successful in predicting
I'(Dg—nm") —0.48+0.03+0.04 other charm hadronic modes reasonably well preBid@
- - . : . L o )
I'(Dg —o¢7m™) —7n'p") to be 1-39%5,6,11. This failure leads theorists to
consider contributions to the amplitude from decay diagrams
and other than that shown in Fig. 1. For example, Balal.[12]
T'(Df —7y'm") argue tha_tthe high branching ratio f&x] — »'p could be
——+——+=1.03£0.06-0.07. due to acs annihilation into aW" and two gluons, in which
I'(Dg—¢m™)

the two gluons hadronize as afi.
Using the normalization B(D*— ¢m*)=(6.1+0.6)

The results for thep modes are
? x 1073 [10], we also calculate thB ™ branching fractions to

F(D;H np") the same final states. Table VI summarizes the results. Since
11([)?¢7T+)=2.98t 0.20+0.39 the D™ decays involve two diagrams which interfere, the
s theoretical calculations vary widely, and are expected to be
and somewhat less reliable than for tBe case.
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