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Abstract We report the results of an experimental study of the exclusive hadronic decays for D"—>K’r* =~ and K°’K*" K~ and

their resonant structures using BES- I detector at the BEPC Collider. Using the data sample of 22.3 pb~" collected at the center-

of-mass energy Vs =4.03 GeV, we measured the branching fraction for D°—=K°r* 7~ tobe (5.32+0.53+£0.40)% , the branch-
ing fractions for the decays D'—K" " x" , D*>K’¢® and DK (1" 7™ ) ponesonant 10 b (6.05+0.32£0.49)% , (1.17£0.17x
0.13)% and (1.35+0.22+0.17)% , respectively. We measured the branching fractions Br(D"—f) to be (1.04£0.24 =
0.16)% for f=K°K" K™, (1.12£0.34£0.15)% for f=K'$, and (0.27£0.13£0.03)% for f=K (K" K™ ) s -

Key words BES, BEPC, D’ meson, branching fraction
1 Introduction

It is still not yet possible to describe exclusive non-
leptonic decays of the charmed hadrons for theory based
on general principles. In the factorization'"’ and nonfac-
torization effective calculations'™ , the determination of
the hadronic matrix elements of the weak currents are all
model dependent. To test the theoretical assumptions the
measurements of some two body hadronic decay branching
fractions of D mesons are important. For instance, mea-
surements of the branching fractions for D°>K”™ ~x* and
D’ —K’ o can help to clarify the theoretical aspects of the
effective strengths a, and a, of color favored (see Fig.
1(a)) and suppressed (see Fig.1(b)) amplitudes, re-
spectively. Measurement of the branching fraction for D’
—K°$ is useful in estimation of the contributions of W-
exchange diagram (see Fig. 1(c)) to D’ decay. QCD po-
tential models based on valence quarks expect that such
W-exchange process are helicity and color suppressedm .
However, emission of soft gluons in the initial state or ex-
plicit presence of gluons in the wave function may remove
the helicity suppression. Some theoretical models predict
that the contribution of W-exchange diagram to D° decay
range from 1 % to 60 % of the total D’ width™ . Further

experiment input is crucial.
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Fig.1. Decay diagram.

ARGUS'™®, MARK-1I'*, CLEO'" and E687"*' ex-
periments measured the branching fractions for the de-
cays, and some of them studied the resonant structures in
the decays. In this paper we present decay branching
fractions and resonant substructure measurements of D’ —>
K'n* n~, and D°>K’K* K~ with an integrated luminos-
ity of 22.3 pb™' of data collected using BES- 1 detector

atv/s =4.03 GeV at BEPC e e collider during the
years 1992—1994 .

2 The BES- [ detector

BES- I is a conventional cylindrical magnetic detec-
tor operated at the Beijing Electron Positron Collider
(BEPC)™ . A four-layer central drift chamber (CDC)
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surrounding the beam pipe provides an event trigger. A
forty-layer main drift chamber (MDC) located just outside
the CDC provides measurements of charged tracks and
ionization energy loss (dE/dx) with a solid angle cover-

age of 85 % of 4 for charged tracks. Momentum resolu-

tion of 1.7 % +/1+ p>(p in GeV/¢) and dE/dx resolu-
tion of 8.5 % for Bhabha electrons are obtained for the

data taken at /s =4.03GeV. An array of 48 scintillation
counters surrounds the MDC and measures the time of
flight (TOF) of charged tracks with a resolution of about
350 ps for Bhabha electrons and 450 ps for hadrons. Sur-
rounding the TOF is a 12-radiation-length, lead-gas barrel
shower counter (BSC) operated in limited streamer mode,
which measures the energy of electrons and photons over

80 % of the total solid angle, with an energy resolution of

0e/E=0.22//E(E in GeV), and spatial resolution of
04=4.5 mrad and 6; = 2 cm for the electrons. Qutside
the BSC is a solenoidal magnet providing a 0.4 T magnet-
ic field for the central tracking region of the detector.
Three double-layer muon counters instrument the magnet
flux return, and serve to identify muons of momentum
greater than 500 MeV/c. They cover 68 % of the total
solid angle with longitudinal (transverse) spatial resolu-
tion of 5 ¢cm (3 cm). End-cap time-of-flight and shower
counters extend coverage to the forward and backward re-
gions, but we do not use information from the end-cap

counters in this analysis.
3 Event selection

Events are required to contain at least four recon-
structed charged tracks with good helix fits. In order to
ensure good momentum resolution and charged particle
identification, the tracks are required to be within
|cosf | < 0.8, where § is the polar angle. All tracks,

save those from K’ decays, must originate from the inter-
action region. Pions and Kaons are identified by means of
TOF and dE/dx measurements. Identification requires
consistency with the pion or kaon hypothesis at a confi-
dence level greater than 1 % . In order to reduce misiden-
tification, kaon candidates are further required to have a
larger likelihood for the kaon hypothesis than for the pion
hypothesis .

For the K! reconstruction, we require the momentum
vector of the two oppositely charged pions to be aligned
with the position vector of the secondary vertex in the xy
plane within 37°. The secondary vertex is required to be
greater than 0.4 cm away from the collision point in xy
plane, and the z coordinates of the two pion tracks to be
within 5 ¢m of the secondary vertex. The invariant mass
of n* n” pair is required to be within + 13 MeV/¢® of K’
nominal mass.

After applying the above cuts, signals for D’ are
clearly evident in the momentum spectra for the mode
D’—>K’x* n~ as shown in Fig.2. The lower momentum
peak in the figure corresponds to D mesons from the

D D", and the higher momentum peak is due to D D" .
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Fig.2. Momemtum distribution of K’ 7t~ .

To reduce combinatorial backgrounds in these
inclusive D° meson samples, events from which the
K'K'n'n” or v’ m n' m  momentum are within the:
intervals from 0.06 to 0.26 or from 0.42 to 0.62 GeV/¢
are used to select the inclusive decays D°>K’zn* =~ and

D'—K'K* K™ .

4 Analysis and results

4.1 The decay D'—~K zn*n~

4.1.1 The branching fraction for D°—>Klrn* n~

The invariant mass spectrum for the Kn* ©~ combi-
nations satisfying these selection criteria and analysis cuts
described in Section 3 is shown in Fig.3. Fitting to this
mass spectrum with a Gaussian function plus a 2nd order
polynomial background, we obtain 755.7 + 65.0 events

for the D° > K!x" n~ decay after correcting to doubly
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counted events. After subtracting K sideband background
we obtained a number of 685.0 + 67.1 events for the de-
cay. The MC efficiency of reconstructing the decay D’
Kr'n is «((D°>K'n" n” ) =0.049 = 0.001, where
the error is statistical. The branching fraction for the de-

cay K=" n” is included in the efficiency.

events/ 10MeV

15 16 1.7 1.8 19 20 21
Mir n-/(GeV/c?)

Fig.3. [Invariant mass distribution of K™ x .

In order to measure the relative branching ratio of
D°—=K’n" n~ over D’>K ", we reconstruct the decay
D’>K =" by selecting K™ and n* charged tracks using
the same events selection criteria as mentioned in Section
3. Fig.4. shows the K* n” invariant mass distribution for
events for which the momenta of the K™ =" combinations
are within the same intervals as that used to select the in-
clusive decay events for D° = Klx* =~ . Fitting to this
mass spectrum, we obtain 3948.3 + 95.6 events. The
MC efficiency of reconstructing the D°>K ™ n* is ¢(D°—
K x") =(0.394 £ 0.007). Using these numbers and
efficiencies we obtain the relative branching ratio of D°—
K'n*n over D’>K n" to be

Br(D* > K'zn* n”)

Br(D’ ~K =)

where the first error is statistical and the second systemat-

=1.40+0.14 £ 0.10,

ic. The systematic error is estimated based on changes in
the ratio due to the uncertainties in the number of the ob-
served events for the decay D°—~K™ x* , in Monte Carlo
efficiencies due to statistics for detection of the decays
D">K =" and D’—>K’x" n" , due to varying the cuts
on the K’ mass window, the range of the K’ sideband, the
fit range, bin size and varying the background shape from
2 sd to 5 th order in the fit to the invariant masses of
K™ " . These uncertainties are independent in the two
decay modes. Some common systematic uncertainties due

to tracking, particle identification, Monte Carlo simula-

tion and D productions are canceled. Monte Carlo study
shows that the uncertainty in estimation of the double
counting correction is about 3 % . The final systematic er-
ror is obtained by adding these uncertainties in quadra-

ture, which yields a total systematic error of =0.103.
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Fig.4. Invariant mass distribution of K™ =" .

Using the world averaged value of Br(D’—>K =*)
=(3.80+0.09)% , we obtain the branching fraction for
D’~K'n" " decay of

Br(D° > K'n" ") = (5.32+0.53 £ 0.40) % ,
where the first error is statistical and the second systemat-
ic. The systematic uncertainty includes the systematic un-
certainty in the ratio of the branching fractions for D’ —
Kln* 7~ and D°—>K" n”, and the uncertainty in the

branching fraction for the decay D°—~K" =~ .
4.1.2 The resonant substructure for D" —K!n* x"

A maximum likelihood fit to the Dalitz plot ( Fig.
5(a)) is used to determine the decay branching fractions,
relative phases into the modes K™ " =", K o, and three-
body non-resonant. For each decay mode, we define a
complex amplitude in the three-body phase space as:

A(D—>rc,r—> ab) = F,F.BW(r)M(abc Ir,
where the Blatt and Weisskopf form factors F, and F,
take the forms as [10]. The relativistic Breit-Wigner
propagator BW(r) as''" :

-1
) T ’
m” — my + 1'm,

where I' is the energy dependent width, given by

el
9o

The relevant value m, and I', are taken from Ref. [12].

2741 m, FzX(qz)
m Fy(qg)’

The angular momentum part M (abe |r) are given in He-
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licity Formalism,

M(D—>re) = E*r Dg,\r( -¢.,40, ¢,)P{5 DAJr'o X
(~8.,0,, $,)ph =
(pop.)"dp(8,),

with r— ab and where, r is a resonant particle, a, b
and ¢ are pseudo-scalar mesons, p; and p, is the mo-
mentum of D and a in r rest frame, J, is the spin of par-
ticle r, A, is the helicity of particles r, and 8, is the he-

licity angle. The likelihood function L is defined as:

R Fy Fyg
. S/BN—FS"' NFB
= e]:[m Ryp +1 ’

where Fg is the p.d.f. (probability density function) of
signal. Since we can not determine the charm quantum
number by K{, the data were fit to the average p.d.f. of
D" and D°. The F, contains a coherent sum of ampli-
tudes,
Ag(D°) =fie + A(Klrn™ =" |[K"7) +
fieA(n © K po) ,
A,(D") =fie" + AK'n* = [K™*) +
fre Alx = K "),
weighted by detector efficiency ¢ and phase space. Fj is
the p.d.f. of background, containing a set of functions
which model the K™ * ,po and non-resonant content of the
events outside the signal region. The ratio of signal to
background Rgy is a function of the invariant mass of the
K!n* 7" combination, and is calculated for each event.

N F, and N F, are the overall normalization of Fg and Fy,

which are evaluated by using Monte Carlo techniques.

The events of Kx* n~ combinations with invariant
masses within 1.5 o0 of D’ nominal mass were selected
for the Dalitz plot analysis. Fig.5. shows the Dalitz plot
and the mass-squared projections for the decay D’ —
Kln* n” . In the Fig.5(b)—(d) the ‘cross’ indicates
the data, the higher histograms represent the values, and
the lower histograms are the background component from
the fit. To evaluate the p.d.f. of the background contri-
bution, we defined two sidebands (low and high) as
40 < |M - M, | <70o. For each entry, the momenta are
recalculated using a kinematical fit according to the D’
mass .

The fit results are summarized in Table 1. In Table
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Fig.5. Dalitz plot and mass-squared projections for

the decay D°—=K’n" 7™ . See text.

2, the decay branching fraction into a given mode is com-
pared to the results from other experiments. The systemat-
ic errors are estimated by varying the events selection cri-
teria, the method of background determination and the
uncertainty of Monte Carlo efficiency. The largest source
of systematic error comes from the parameterization of the
background. To calculate systematic error due to the
events selection, we change the window of the momentum
cut, signal region definition and K selection. The uncer-
tainty of Monte Carlo efficiency is estimated to be 5 % .

The systematic error due to the background is determined

Table 1.
Br(D’—K'z*n~ ) = (5.92+0.35)% ™ we convert the
fraction to branching ratio.

Fit result. Using the world average branching ratio

relative relative branching
Decay Mode
fraction(% ) phase/(°) ratio( % )
K "=t
68.1£3.6x3.8 O(fixed) 6.05+0.32+0.49
(K"~ —=K°z")
K°° 19.8+£2.9+1.8 -138x9 1.17+0.17+0.13
non-K* “n* and
22.7+3.8+x2.5 -114+9 1.35+0.22+0.17

l'lOl’l“Ko po
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from a comparison of fits to the signal events using either
backgrounds with a shape determined from the low side-
band, the high sideband, the dalitz plot excluding the
K* and ¢’ bands, or the varying the order of the back-

ground polynomial fit to the mass plot.

Table 2. Results from other experiments on the fraction and

relative phase of the main contributions to D’>K'n*n .

Do— ARGUS MARK-1ll BES- 1

(71.824.2£3.00% (56+4+5)% (68.1+3.6+£3.8)%

K* =t
0°(fixed) 0°( fixed) 0°(fixed)
oo (22.7¢3.2:0.9% (12x1:7)% (19.8£2.921.8)%
K
f (-13727)° (90 £30)° (- 13849)°
non-K* ~x* (33+5+10)% (22.7£3.8+£2.5)%
and non-iopo incoherent (-114x9)°

4.2 The decay D’—~K'K' K~
4.2.1 The branching fraction for D'>K'K" K~

The analysis of D’ —>K!K* K is similar to that of
D°>K’x* ~ with the substitution of Kaons for the non-
K® pions. Fig.6. shows the distribution of the invarant
masses of K'K* K~ combinations. Fitting to the mass
spectrum with a Gaussian function representing the D° sig-
nal and a second order polynomial describing the back-
34.3+8.1
D°—>K°K' K~ decay after correcting to doubly counted

subtracting  the (p° —
(1" 1 ) K" K7 ) background. A Monte Carlo study

ground gives signal of events for

events and non-resonant

gives the detection efficiency of ‘:oc»gom— = 0.0140 +

0.0008, where the error is statistical.

>
Q0
=
=
e
g
]
1.7 1.8 1.9 2.0 2.1
Mioxx-/(GeV/ct)
Fig.6. Invariant mass distribution of KK K™ .

Using the numbers of the observed events for the de-
cays D’>K/K' K™, D°—>K’n" =~ and the relative de-

tection efficiencies, the ratio of branching fractions for
D°*>K’K" K~ and D°>K’n" n”
Br(D’ - K’K" K7)

5 = =0.175 + 0.041 + 0.024
Br(D" = K'n" =~

is obtained, where the first error is statistical and the sec-
ond systematic. The systematic error is estimated based on
the changes in the ratio due to the uncertainties in the
number of the observed events for the decay D'—
K°z* =~ , in the Monte Carlo efficiencies for detection of
the decays D'~K'n" n™, D°—K’K* K~ and the uncer-
tainties in doubly counted corrections.

Using the world averaged branching fraction for D’—
K!n" n", we obtain

B(D' > KK K) =(1.04+0.24£0.16) %,

where the first error is statistical and the second systemat-
ic. The systematic error includes the systematic uncertain-
ty in the ratio of branching fractions for D"—>K'K' K~
and D°—=K’n" =, and the uncertainty in the branching

fraction for D’ K'x" ™ .
4.2.2 The branching fraction for D’—~K’¢$

The ¢ mesons are reconstructed in its decay to
K* K~ and selected by using the event selection criteria
described in Section 3. In this measurement the region
1.0044 < my+¢- < 1.0344 GeV/c® is defined as the ¢
signal region, and the intervals 0.98—1.00 GeV and
1.05—1.2 GeV are considered as background regions for
the $. We then compute ¢ and K{ invariant mass. To en-
hance the D°—>$K° candidates a cut on the helicity angle,

v of the K™ is required to the K’¢ candidates; we

require | cosfy+ | >0.3. The resulting invariant mass of
the K°¢ spectrum is shown in Fig.7. The K!$ mass re-

gions from 1.8348 to 1.8948 GeV within the =+ 20%"

mass region is defined as D’ signal region, and the re-
gions from 1.7 t0 2.1 GeV/ ¢’ excluding the region from
1.81 to 1.91 GeV are defined as sideband background
control regions for the D’ meson. As shown in the Fig.7,
17 events are found as D°—>K’¢$ candidates, and 6 events
are selected as D°—>K"$ side band events. Using the D’
side band events, a total of 1.2 0.5 events has been
estimated as the background among the D° candidates. In
the Fig.7. the shaded histogram shows the distribution of

. . 0 - . .
the invariant masses of K.K* K~ combinations by means
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of requiring the invariant mass of K* K~ to be within the
¢ side bands, and requiring that the number of events in
each bin is normalized to evaluate the number of back-
ground in the ¢ signal interval of = 15 MeV/c”. Using
the ¢ side band events, a total of 0.8 + 0.6 events has
been estimated as the D° =K’ (K* K™ ),..; background
among the D’ candidates. Subtracting the background
contributions to both the D° and the ¢ and subtracting 1

event due to double counting, we obtain 14.0 £ 4.3 D'~

Ko‘i) events .
6
5
>
L)
= 4
=
g 3
5
=
¢ 2
mA
0 ‘ & El ek [k
1.7 1.8 19 20 2.1
My2o/(GeV/c?)
Fig.7. Invariant mass distribution of K2¢$.

A Monte Carlo simulation of the decay D°—>K"¢ is
used to determine the detection efficiency. This yields the
efficiency of 6:"2?%: (0.0053 + 0.0003). The ratio of
branching fractions for D> K¢ and D° > K'n* =~ is
given by

Br(D* — K° $)

— = 0.189 + 0.058 + 0.022,
Br(D’ - K=" =~

where the first error is statistical and the second systemat-
ic. The systematic error arises from the uncertainties in
the numbers of the observed events for the decay D’ —
K°z* =~ , in the Monte Carlo efficiencies for detection of
the decays D°>K’x* n~ and D°>K"$, and the uncer-
tainties due to varying the helicity angle 6 and the ¢
mass cuts.

Using the world averaged branching fraction for D’ —
K'z' ", we obtain

Br(D° > K'$) = (1.12+0.34 £ 0.15) % ,
where the first error is statistical and the second systemat-
ic, which results from the uncertainty in the ratio of
branching fractions for D°>K"$ and D°>K’x* ~ , and
the uncertainty in the branching fractions for D"—

Y )
K'n'n™ .

4.2.3 The branching fraction for D° —-K(K*K")

non-¢

In order to estimate the decay branching fraction of

D"—~K' (K"K~ ) oms We require the invariant mass of the
K* K~ outside of the ¢ mass region |MK K~ M¢| >
0.022GeV/c*. Fig.8. shows the K (K* K™ )

4 Invari-

ant mass distribution. Using a Gaussian signal function
plus a second order polynomial background to fit this mass
spectrum with correcting to the doubly counted events and

subtracting the number of background events 0.075 % for

the decay D°>K* K™ (n* n~ ), , we obtain the signal
of 12.5 + 6.2 events. A corresponding Monte Carlo effi-
ciency for detection of this decay is 0.0200 £ 0.0010.
Based on the 12.5 £ 6.2 D’>K (K" K")

s events,

non-

the ratio of the branching fractions for D°—

K (K"K~ ) sons OVET D°—>K'n" "

Br(D* - K°K* K..,)
= = 0.045 + 0.022 £ 0.004
Br(D" > K=" =«

is obtained, where the first error is statistical and the sec-
ond systematic. The systematic error is estimated based on
the changes of the ratio due to the uncertainties in the
number of the observed events for the decay D’ —
K'n* n, in the Monte Carlo efficiencies for detection of
the decays DK’ n~ and D°>K’(K* K™ ),..4, and
the double counting corrections for the decays D°—
K'n'n™ and D°>K' (K"K ),,.s. The combined effect
of these sources is obtained by adding in the uncertainties
in quadrature, which yields a total systematic error of

+0.004.

events/ 10MeV

S e N W A 00

1 Lol ol Il i | i

1.7 1.8 1.9 20 2.1

MK‘; KK~ /(GeV/c’)
Fig.8. Invariant mass distribution of
K (K" K™ ) s -

Using the world average decay branching fraction for

D°—K’x* ", we obtain the decay branching fraction of
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Br(D* > K (K" K ),,4) = (0.27+0.13+0.03) % .
The second error is systematic, reflecting the systematic
uncertainty in the ratio of branching fractions for D’
K(K"K™),.s and D’>K’x* =", and the uncertainty

in the branching fraction for D’~Klx* =" .

5 Conclusion

In summary, using the data collected with BES- [
detector at BEPC Collider we have measured the branch-
ing fraction for D'~ K'n* " to be (5.37 +0.52
0.40)% .
sured the branching fractions for the decays D’—
K =, D'— Kopo and D= K'nt" T roonen

(6.05+£0.32+0.49)% , (1.17+0.17£0.13)% and

Using a coherent amplitude analysis we mea-

to be

(1.35+£0.22+0.17)% , respectively. We have mea-
sured the branching fractions Br(D°—f) to be (1.04 =
0.24£0.16)% for f=KK'K ™, (1.12+0.34 =
0.15)% for f=K"¢, and (0.27 £0.13£0.03)% for
f=K (K"K )y

Our results are consistent with those from

ARGUS™', MARK-TI', CLEO"” and E687"* measure-
ments. Our measured value of branching fraction
Br(D°=>K'$) = (1.12+0.34£0.15)% is also consis-
tent within the error with the Enhancement W-exchange

o :
model'™ and some other models'"*’

predictions.
The BES collaboration thanks the BEPC staff for
their strong efforts and thanks the member of the IHEP

computing center for their helpful assistance .
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