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By analyzing an e" e~ data sample corresponding to an integrated luminosity of 2.93 fb~! taken at
a center-of-mass energy of 3.773 GeV with the BESIII detector, we measure the branching fractions
of the Cabibbo-favored hadronic decays D° — K~ 7n7n/, D° — K3, and DT — KirT¢/,
which are determined to be (6.43 & 0.15s¢at. & 0.31gyst.) X 1073, (2.52 £ 0.224tat. £ 0.15gyst.) X 1073,
and (1.90 4 0.17s¢a. & 0.13syst.) X 10*3, respectively. The precision of the branching fraction of

0__+, ./

DY — K~ nty is significantly improved, and the processes D° — K37%' and DT — K2n Ty are

observed for the first time.

PACS numbers: 13.25.Ft, 14.40.Lb

I. INTRODUCTION

Hadronic decays of D mesons provide important in-
formation to understand the weak and strong interac-
tions in the charm sector. Various experiments have
measured the branching fractions of hadronic decays of
D mesons ﬂ] However, the measurement accuracy of
the Cabibbo-favored (CF) decays D — K/ is still
very poor [1]. The Particle Data Group (PDG) gives a
branching fraction of (0.75 +0.19)% for D* — K7 ty/,
which was measured by the CLEO collaboration 25
years ago @, ] There are no measurements for the
isospin-related decay modes D° — K77 and DT —

K2ntn'. The statistical isospin model (SIM) proposed
in Refs. B, @] predicts a simple ratio of the branching
fractions for the isospin multiplets: B(D° — K~ 7T ¢') :
B(D® — Kn%') : B(DT — K2ntn/)=1: R : Rt =
0 0_0. s + 0+,

L pprrth Bt = 11 04 1 0.9,
Precision measurements of the branching fractions of
D — Knn' are crucial to test the SIM prediction.

In this paper, we report an improved measurement
of the branching fraction for D° — K7ty and the
first measurements of the branching fractions for D% —
K27% and DT — K2n™n'. The analysis is performed
using an et e annihilation data sample corresponding to



an integrated luminosity of 2.93 fb=! [5] collected with
the BESIII detector [6] at /s = 3.773 GeV. At this en-
ergy, relatively clean D° and D meson samples are ob-
tained from the processes ete™ — ¢(3770) — D°D°
or DTD~. To improve statistics, we use a single-tag
method, in which either a D or D is reconstructed in an
event. Throughout the text, charge conjugated modes
are implied, and DD refers to D°DY and DT D~ unless
stated explicitly.

II. BESIII DETECTOR AND MONTE CARLO
SIMULATION

The BESIII detector is a magnetic spectrometer that
operates at the BEPCII collider. It has a cylindrical ge-
ometry with a solid-angle coverage of 93% of 4. It con-
sists of several main components. A 43-layer main drift
chamber (MDC) surrounding the beam pipe performs
precise determinations of charged particle trajectories
and measures the specific ionization energy loss (dE/dz)
for charged particle identification (PID). An array of
time-of-flight counters (TOF) is located outside the MDC
and provides additional PID information. A CsI(T1) elec-
tromagnetic calorimeter (EMC) surrounds the TOF and
is used to measure the deposited energies of photons and
electrons. A solenoidal superconducting magnet outside
the EMC provides a 1 T magnetic field in the central
tracking region of the detector. The iron flux return of
the magnet is instrumented with the resistive plate muon
counters arranged in nine layers in the barrel and eight
layers in the endcaps for identification of muons with mo-
menta greater than 0.5 GeV/c. More details about the
BESIII detector are described in Ref. [d].

A Monte Carlo (MC) simulation software package,
based on GEANT4 ﬂﬂ], includes the geometric description
and response of the detector and is used to determine the
detection efficiency and to estimate backgrounds for each
decay mode. An inclusive MC sample, which includes
the D°D°, DT D~ and non-DD decays of the 1(3770),
initial-state-radiation (ISR) production of the (3686)
and J/4, the continuum process eTe™ — qq (¢ = u, d, s),
Bhabha scattering events, di-muon events and di-tau
events, is produced at /s = 3.773 GeV. The equivalent
luminosity of the inclusive MC sample is ten times that
of the data sample. The ¥ (3770) decays are generated
with the MC generator KKMC ﬂé], which incorporates the
effects of ISR [9]. Final-state-radiation (FSR) effects are
simulated with the PHOTOS package [10]. The known de-
cay modes are generated using EVTGEN ] with branch-
ing fractions taken from the PDG [1], while the remaining
unknown decays are generated using LUNDCHARM ﬂﬂ]

IIT. EVENT SELECTION

In this analysis, all charged tracks are required to be
within |cosf| < 0.93, where € is the polar angle with

respect to the positron beam. Good charged tracks,
except those used to reconstruct Kg mesons, are re-
quired to originate from the interaction region defined
by Viy < 1 cm and |V;| < 10 cm, where V,,, and |V, | are
the distances of the closest approach of the reconstructed
tracks to the interaction point (IP), perpendicular to and
along the beam direction, respectively.

Charged kaons and pions are identified using the
dE/dx and TOF measurements. The combined confi-
dence levels for the kaon and pion hypotheses (C'Lk and
CL,) are calculated and the charged track is identified
as kaon (pion) if C'Lg () is greater than CL, (k).

The neutral kaon is reconstructed via the K g — 7t
decay mode. Two oppositely charged tracks with |V,| <
20 cm are assumed to be a 77~ pair without PID re-
quirements and the 7+ 7~ pair is constrained to originate
from a common vertex. The 77~ combination with an
invariant mass M +,- in the range |M +,- — MKg| <
0.012GeV/c?, where Mo is the nominal Kg mass ),
and a measured flight distance from the IP greater than
twice its resolution is accepted as a Kg candidate. Fig-
ure [M(a) shows the 777~ invariant mass distribution,
where the two solid arrows denote the K2 signal region.

Photon candidates are selected using the EMC infor-
mation. The time of the candidate shower must be within
700ns of the event start time and the shower energy
should be greater than 25(50) MeV if the crystal with
the maximum deposited energy for the cluster of interest
is in the barrel (endcap) region [6]. The opening angle
between the candidate shower and any charged track is
required to be greater than 10° to eliminate showers as-
sociated with charged tracks. Both 7° and 1 mesons are
reconstructed via the vy decay mode. The v combi-
nation with an invariant mass within (0.115, 0.150) or
(0.515, 0.570) GeV /c? is regarded as a 7° or 7 candidate,
respectively. To improve resolution, a one constraint
(1-C) kinematic fit is applied to constrain the invariant
mass of the photon pair to the nominal 7° or 7 invariant
mass [1].

The 7’ mesons are reconstructed through the decay
n’ — w7~ n. The invariant mass of the 777~ 7 combi-
nation M+, is required to satisfy |M -, — M| <
0.015GeV/c?, where M,y is the nominal 7' mass [1. The
boundaries of the one dimensional (1D) 7’ signal region
are illustrated by the two solid arrows shown in Fig. [Ii(b).
The D) — K~ (K3)7tn' decay is selected from the
K= (K)ntrTn~n combination. Since the two 7Ts in
the event have low momenta and are indistinguishable,
the 1’ may be formed from either of the 777 ~1 combina-
tions, whose invariant masses are denoted as MWTW*W and
My, Figure [[(c) shows the scatter plot of M trm

Ty TN’ Ty TN
versus M+ for the D — K71 candidate events
in the data sample. Events with at least one 7777 n
combination in the two dimensional (2D) 7’ signal re-
gion, shown by the solid lines in Fig. [Iic), are kept for
further analysis.

To distinguish D mesons from backgrounds, we de-
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Fig. 1.  (Color online) (a) Distribution of M, 4+, .- for the

K¢ candidates from D° — Kg7%%' decays and (b) the com-

bined Mﬂ*ﬂ*n and ]Wfrﬂr*n distribution for the 7)’ candidates
1 2

from D° — K~ nty decays, where the dots with error bars
are data, the histograms are inclusive MC samples, and the
pairs of red solid (blue dashed) arrows show the boundaries
of the K or i/ 1D signal (sideband) region. (c) Scatter plot
of Mfrgﬂr*n versus Mfrffr*n for the D® — K~ 71’ candidate
events in the data sample, where the range surrounded by the
red solid (blue dashed) lines denotes the n’ 2D signal (side-
band) region. In these figures, except for the K9 or 1’ mass
requirement, all selection criteria and an additional require-
ment of |Mgc — Mp| < 0.005 GeV/c? have been imposed.
The signal and sideband regions, illustrated here, are applied
for all decays of interest in the analysis.

ot

fine two kinematic variables, the energy difference AE =
Ep — Epeam and the beam-constrained mass Mpc =
VEE. . — IDp|?, where Ep and pp are the energy and
momentum of the D candidate in the ete™ center-of-
mass system and FEpeam is the beam energy. For each
signal decay mode, only the combination with the min-
imum |AFE| is kept if more than one candidate passes
the selection requirements. Mode-dependent AE require-
ments, as listed in Table[I] are applied to suppress com-
binatorial backgrounds. These requirements are about
+3.50aA around the fitted AFE peaks, where oag is the
resolution of the AE distribution obtained from fits to
the data sample.

IV. DATA ANALYSIS
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Fig. 2. (Color online) Fits to the Mpc distributions of the (a)
D’ — K77y, (b) D* — K%/, and (c) DT — KrTy/
candidate events. The dots with error bars are data, the blue
solid curves are the total fits and the red dashed curves are the
fitted backgrounds. The dotted, dashed and solid histograms
are the scaled BKGI, BKGII, and BKGIII components (see
the last paragraph of Sec. [[TI)), respectively.

The Mpc distributions of the accepted candidate
events for the decays of interest in the data sample are
shown in Fig. Unbinned maximum likelihood fits to
these spectra are performed to obtain the D signal yields.
In the fits, the D signal is modeled by an MC-simulated
shape convolved with a Gaussian function with free pa-
rameters accounting for the difference between the detec-
tor resolution of the data and that of the MC simulation.
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The top, middle, and bottom rows correspond to D° — K- nTyn, D° — K%/, and D — K2x"1n candidate events,
respectively. The blue dashed histograms are PHSP MC samples. The red solid histograms are the modified MC samples.
The yellow shaded histograms are the backgrounds estimated from the inclusive MC sample. An additional requirement of
|Msc — Mp| < 0.005 GeV/c? has been imposed on the events shown in these plots.

The background shape is described by an ARGUS func-
tion [13]. The potential peaking backgrounds are investi-
gated as follows. The combinatorial 777~ (called BKGI)
or 7T~ n (called BKGII) pairs in the K3 or 7’ signal re-
gion may survive the event selection criteria and form
peaking backgrounds around the D mass in the Mpc
distributions. These background components are vali-
dated by the data events in the K3(n') sideband region
defined as 0.020 (0.022) < [M i+~ (rtr—n) — Mo ol <
0.044 (0.046) GeV /c?, as indicated by the ranges between
the adjacent pair of blue dashed arrows in Fig. [Il(a)[(b)].
For D® — K—nty and DT — Kr Ty’ decays, the data
events in the 1’ 2D sideband region, enclosed by the blue
dashed lines in Fig.[I}c), are examined. For these events,
either ]Wﬂﬂ,n or ]ijﬂ,n is in the 7’ 1D sideband re-
gion, but both are outside the n’ 1D signal region. These
two background components are normalized by the ratios
of the magnitude of the backgrounds in the K2 (1) sig-
nal and sideband regions. The background components

from other processes (called BKGIII) are estimated by
analyzing the inclusive MC sample. The scaled Mpc dis-
tributions of the surviving events for the BKGI, BKGII
and BKGIII components are shown as the dotted, dashed
and solid histograms in Fig.[2] respectively. In these spec-
tra, no peaking backgrounds are found, which indicates
that the background shape is well modeled by the AR-
GUS function. From each fit, we obtain the number of
D — Knn' signal events Ni,g, as summarized in Table[I]
The statistical significances of these decays, which are
estimated from the likelihood difference between the fits
with and without the signal component, are all greater
than 100.

Figure [B] shows the Mg, My, and Mg, distribu-
tions of D — K71’ candidate events for data and MC
simulations after requiring |Mpc — Mp| < 0.005 GeV /2.
No obvious sub-resonances have been observed in these
invariant mass distributions. Nevertheless, the phase
space (PHSP) MC distributions are not in good agree-



ment with the data distribution (see the blue dashed
histograms and dots with errors in Fig. B). To solve
this problem, we modify the MC generator to produce
the correct invariant mass distributions according to the
Dalitz plot distributions in data. In the Dalitz plot, the
background component is modeled by the inclusive MC
simulation, while the signal component is generated ac-
cording to efficiency-corrected PHSP MC simulation. In
Fig. @ we show the Dalitz plots of D° — K7t n’ candi-
date events for data and the modified MC sample. The
invariant mass distributions Mg, My, , and Mg, of
the modified MC samples are in good agreement with
the data distributions (see the red solid histograms and
dots with errors in Fig. B)). In the following, we use the
modified MC sample to determine the detection efficien-
cies in the calculation of the branching fractions.
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Fig. 4. Dalitz plots of Mj.__, vs. Miﬂ,/ for D° — K~n"n/
candidate events in data (left) and modified MC sample
(right).

V. BRANCHING FRACTIONS
The branching fraction of D — K/ is determined
according to

Ntag
2- NDD € B -B (Blntcr)7

B(D — Kmy') = (1)

where Ni,e is the number of D — Krn' signal events,
Npp is the total number of DD pairs, € is the de-
tection efficiency which has been corrected by the dif-
ferences in the efficiencies for charged particle tracking
and PID, as well as 7° and 7 reconstruction, between
the data and MC simulation as discussed in Sec. [[V]
and summarized in Table I In Eq. ), Binter is the
product branching fraction By - Bro (Bgy) for the de-
cay D° — K97/ (DT — K27 Tn/), and an By, Biy
and Bo denote the branchlng fractions of the decayb
n — atrTn, n — vy, K3 — 7tr7, and 70 — 47,
respectively, taken from the PDG ﬂ With the single-
tag method, the CF decays D°(D*%) — K/ are indis-
tinguishable from the doubly Cabibbo-suppressed (DCS)
decays D°(D*) — K(K)mn'. However, the DCS con-
tributions are expected to be small and negligible in the

calculations of branching fractions, but will be taken into
account as a systematic uncertainty.

Taklng NDUDU = (10597 + 285tat + 985yst ) X 103 and
Npip- = (8296 4 31qtar. = 654yst.) X 10° from Ref. [14],
the branching fraction of each decay is determined with
Eq. (M) and summarized in Table[Il

VI. SYSTEMATIC UNCERTAINTIES

The systematic uncertainties in the measurements of

the branching fractions and the branching ratios, R° =
B(D° s KO7m0p! B(DT K9 xtn

M, and Rt = W, are summa-
rized in Table Each contribution, estimated relative

to the measured branching fraction, is discussed below.

e Number of DD pairs: The total numbers of
DYDY and Dt D~ pairs produced in the data sam-
ple are cited from a previous measurement ﬂﬂ]
that uses a combined analysis of both single-tag
and double-tag events in the same data sample.
The total uncertainty in the quoted number of
D°D° (D*D~) pairs is 1.0% (0.9%), obtained by
adding both the statistical and systematic uncer-
tainties in quadrature.

e Tracking and PID of K*(w%): The tracking
and PID efficiencies for K*(n%) are investigated
using double-tag DD hadronic events. A small dif-
ference between the efficiency in the data sample
and that in MC simulation (called the data-MC dif-
ference) is found. The momentum weighted data-
MC differences in the tracking [PID] efficiencies are
determined to be (+2.4 + 0.4)%, (+1.0 + 0.5)%,
and (+1.9 £+ 1.0)% [(— O2:|:01)% (-0.1+£0.1)%
and (—0.2 4+ 0.1)%] for K*, 7% . and mf .
respectively. Here, the uncertainties are statisti-
cal and the subscript direct OT in_direct indicates the

+ produced in D or 1’ decays, respectively. In
this work, the MC efficiencies have been corrected
by the momentum weighted data—MC differences in
the K*(7%) tracking and PID efficiencies. Finally,
a systematic uncertainty for charged particle track-
ing is assigned to be 1.0% per wiidimct and 0.5%

per K+ or ﬂ—ircct The systematic uncertainty for
PID efficiency is taken as 0.5% per K+, ﬂ'dlrect or

7T-1n direct®

e K2 reconstruction: The K§ reconstruction ef-
ficiency, which includes effects from the track re-
construction of the charged pion pair, vertex fit,
decay length requirement and K2 mass window,
has been studied with a control sample of J/¢ —
K*(892)TK* and J/¢ — ¢KK*n¥ [15]. The as-
sociated systematic uncertainty is assigned as 1.5%
per K.

e % (n) reconstruction: The 7¥ reconstruction
efficiency, which includes effects from the pho-



Table 1. AFE requirements, input quantities and results for the determination of the branching fractions. The efficiencies do
not include the branching fractions for the decays of the daughter particles of 7', n, K%, and 7° mesons. The uncertainties are
statistical only.

Decay mode E (MeV)  Niag € (%) B (x1079)
D’ — K 7ty ( 26, +28) 2528 £ 59 10.97 £+ 0.08 6.43 £ 0.15
)
)

D° — K%w“n’ (—35,+438) 289426 4.6740.04 2.52+0.22
DV — K3nTn/ (—27,+28) 267424 7.23+0.05 1.90£0.17

Table 2. Relative systematic uncertainties (in %) in the branching fractions, R°, and R*. The numbers before or after ¢/ in
the last two columns denote the remaining systematic uncertainties of B(D° — K~ 77n’) and B(D*") — K27°H)y’) that do
not cancel in the determination of R® and R™.

Source B(D° — K a7y B(D° — Kgn°) B(D™ — K3r'n') R° RT
Number of DD pairs 1.0 1.0 0.9 -/- 1.0/0.9
Tracking of K*(7F) 3.0 2.0 2.5 1.0/~ 1.0/
PID of K* (%) 2.0 1.0 1.5 1.0/~ 0.5/
K reconstruction - 1.5 1.5 -/1.5 7/1.5
7% () reconstruction 1.0 2.0 1.0 -/1.0

Msgc fit 0.5 3.6 1.9 0.5/3.6 05/19
n’ mass window 1.0 1.0 1.0 -/- —/-
AF requirement 0.1 2.4 4.5 0.1/2.4 0.1/4.5
MC modeling 1.6 0.5 17 1.6/0.5 1.6/1.7
MC statistics 0.7 0.9 0.7 0.7/0.9 0.7/0.7
Quoted branching fractions 1.7 1.7 1.7 -/0.1  —/0.1
DD mixing 0.1 0.1 - /- =/
DCS contribution 0.6 0.6 0.6 /- /-
Total 4.8 6.0 6.6 5.3 6.0

ton selection, 1-C kinematic fit and 7% mass win-
dow, is verified with double-tag DD hadronic de-
cay samples of D° — K—nt, K-ntatn™ ver-
sus DY — K*tr—x0 0 [16]. A small data-
MC difference in the 7° reconstruction efficiency
is found. The momentum weighted data-MC dif-
ference in 7° reconstruction efficiencies is found to
be (—0.5 £+ 1.0)%, where the uncertainty is statis-
tical. After correcting the MC efficiencies by the
momentum weighted data-MC difference in 7° re-
construction efficiency, the systematic uncertainty
due to 7Y reconstruction is assigned as 1.0% per
9. The systematic uncertainty due to n recon-
struction is assumed to be the same as that for 7°

reconstruction.

7’ mass window: The uncertainty due to the 7’
mass window is studied by fitting to the 7777 in-
variant mass spectrum of the K~z candidates.
The difference between the data and MC simulation
in the efficiency of the 7’ mass window restriction
s (0.8 +£0.2)%. The associated systematic uncer-
tainty is assigned as 1.0%.

Mpc fit: To estimate the systematic uncertainty
due to the Mpc fit, we repeat the measurements
by varying the fit range [(1.8415,1.8865) GeV /c?],
the signal shape (with different MC matching re-
quirements) and the endpoint (1.8865GeV/c?) of
the ARGUS function (£0.2MeV/c?). Summing
the relative changes in the branching fractions for

these three sources in quadrature yields 0.5%, 3.6%,
and 1.9% for D* — K—7nn/, D* — K37%/, and
Dt — KyrTy/, respectively, Wthh are a551gned as
systematic uncertainties.

AFE requirement: To investigate the systematic
uncertainty due to the AFE requirement, we re-
peat the measurements with alternative AFE re-
quirements of 3.00a g and 4.00A g around the fitted
AF peaks. The changes in the branching fractions,
0.1%, 2.4%, and 4.5%, are taken as systematic un-
certainties for DY — K—=nty/, D — KOTFO /. and
Dt — K3/, respectively.

MC modeling: The systematic uncertainty in the
MC modeling is studied by varying MC-simulated
background sizes for the input M2 and Mﬁn, dis-
tributions in the generator by 420%. The largest
changes in the detection efficiencies, 1.6%, 0.5%,
and 1.7% are taken as systematic uncertainties
for D° — K—nty/, D° — K2n% 6 and Dt —
Kirtn', respectlvely

MC statistics: The uncertainties due to the lim-
ited MC statistics are 0.7%, 0.9% and 0.7% for
D — K-rnty/, D° — K%%,6 and DT —
K7/, respectively.

Quoted branching fractions: The uncertainties

of the quoted branching fractions for n’ — 77771,
n = Y, Kg — rt7~, and 7° — vy~ are taken from



the world average and are 1.6%, 0.5%, 0.07%, and
0.03% [1], respectively.

e D°DY mixing: Because D°DY meson pair is co-
herently produced in ¥(3770) decay, the effect of
DD mixing on the branching fractions of neu-
tral D meson decays is expected to be due to the
next-to-leading-order of the D° DY mixing parame-
ters 2 and y [17,[18]. With 2 = (0.32+£0.14)% and
y = (0.6975:58)% from PDG [1l], we conservatively
assign 0.1% as the systematic uncertainty.

e DCS contribution: Based on the world-averaged
values of the branching fractions, the branching
fraction ratios between the known DCS decays and
the corresponding CF decays are in the range of
(0.2-0.6)%. Therefore, we take the largest ratio
0.6% as a conservative estimation of the system-
atic uncertainty of the DCS effects.

The above relative systematic uncertainties are added
in quadrature, and a total of 4.8%, 6.0%, 6.6%, 5.3%
and 6.0% for the measurements of B(D° — K~-7mTn'),
B(D® — K2r0), B(D* — KlrT™n), R%, and RT, re-
spectively, is obtained.

VII. SUMMARY AND DISCUSSION

Based on an analysis of an eTe™ data sample with
an integrated luminosity of 2.93 fb~! collected at /s =
3.773 GeV with the BESIII detector, we measure the
branching fractions of hadronic D meson decays to be:
B(D® — K—ntn') = (6.43 £ 0.155ta¢. £ 0.315yst.) x 1073,
B(D® — K2r%%') = (2.52 £ 0.224ar. = 0.154y5.) X
1073, and B(DT — K2ntn) = (1.90 & 0.17gat. +
0.134yst.) X 1073, The measured branching fraction of
DY — K~nty is consistent with the previous result
measured by CLEO [1, ], but improved with a factor of
4 in precision. The branching fractions of D® — K%/
and Dt — K37y are determined for the first time.

Using the measured branching fractions, we determine
the ratios of branching fractions to be RY = 0.39 +
0.03stat. £ 0.024y5t. and RT = 0.30 £ 0.03g¢at. £ 0.024ys¢..
RO agrees well with the value 0.4 predicted by the SIM,
but R7' significantly deviates from the expected value
0.9. This deviation may arise from a possible phase dif-
ference between two isospin states in the SIM @] In
our analysis, we do not find an obvious K* signal in the

K7 invariant mass distributions, which is consistent with
the predictions of small D° — K*Oy and Dt — K**y¢/
contributions [20-22).

Summing over the branching fractions of D — K/
decays and the other exclusive D — 1’X decays in
PDG @], we obtain the sums of the branching frac-
tions of all the exclusive D° — 7/X and DT — #'X
to be (3.23 £ 0.13)% and (1.06 £ 0.07)%, respectively.
They are consistent with the measured inclusive pro-
duction B(DY — n'X) = (2.48 £ 0.27)% and B(D*T —
n'X) = (1.04 + 0.18)% Nﬁ] within 2.50 and 0.1c, re-
spectively. This excludes the possibility of additional
exclusive D — n'X decay modes with large branching
fractions.
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