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Using a data sample of e e~ collision data with an integrated luminosity of 2.93 fb~! taken at the center-
of-mass energy /s = 3.773 GeV with the BESIII detector operating at the BEPCII storage rings, we
measure the absolute branching fractions of the two-body hadronic decays D™ — a2 K70, 7ty K,
', Ky, Kg;ﬁ, KgKﬂ and D° - zt7~, KT K-, K¥7%, Kgﬂ'o, Kgn, Kgn’. Our results are consistent

with previous measurements within uncertainties. Among them, the branching fractions for D* — 7779,

K*2% ntn, oty/, Koo, KK and D° —
compared to the world average values.

DOI: 10.1103/PhysRevD.97.072004

I. INTRODUCTION

The two-body hadronic decays D — PP, (throughout
the text, D represents the D™ and D° mesons and P denotes
one of the pseudoscalar mesons 7=, K*, K9, 7°, 7 and 1)
serve as an ideal test bed to improve the understanding of the
weak and strong interactions in decays of charmed mesons.
These reactions proceed via external W-emission, internal
W-emission or W-exchange processes. Due to the relatively
simple topology, the amplitude of D — PP, decay can be
theoretically derived as a sum of different diagrams based on
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97° K%, K%' are determined with improved precision

SU(3)-flavor symmetry [1]. Comprehensive and improved
experimental measurements of the branching fractions for
these decays may help to validate the theoretical calculations
and provide important and complementary data to explore
the effect of SU(3)-flavor symmetry breaking in hadronic
decays of the D mesons [2-5].

Historically, experimental studies of singly or doubly-
Cabibbo-suppressed (DCS) decays of D — P{P, with
branching fractions at the 10™* level were challenging due
to limited statistics and high background. In recent years, the
D — PP, decays have been widely studied in various
experiments [6—10]. The BESIII Collaboration has recently
reported measurements of the branching fractions for some
D — PP, decays [11-14] by analyzing the data sample
corresponding to an integrated luminosity of 2.93 fb=! [15]
taken at the center-of-mass energy /s = 3.773 GeV. Single-
tag or double-tag methods, in which one or two D mesons are
fully reconstructed, have been used in previous works.
Analyzing the same data sample with the single-tag method,
we report in this paper the measurements of the absolute
branching fractions of the two-body hadronic decays
Dt - 7% K*2% ntn, K*n, nty', K'y', Kz, KSK,
and D° — ztz=, K* K=, K¥7%, K%2°, KO, K%', where
D — K¥x* includes both the Cabibbo-favored decay
of D' - K~z and the DCS decay of D’ — K*zn~.
Throughout this paper, charge-conjugated modes are
implied.

II. BESIII DETECTOR AND MONTE
CARLO SIMULATION

The BESIII detector is a cylindrical detector with a solid-
angle coverage of 93% of 4x that operates at the BEPCII
collider. It consists of several main components. A 43-layer
main drift chamber (MDC) surrounding the beam pipe
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performs precise determinations of charged particle trajec-
tories and provides a measurement of ionization energy loss
(dE/dx) thatis used for charged particle identification (PID).
An array of time-of-flight counters (TOF) is located outside
the MDC and provides further information for PID. A CsI(TI)
electromagnetic calorimeter (EMC) surrounds the TOF and
is used to measure the energies of photons and electrons. A
solenoidal superconducting magnet outside the EMC pro-
vides a 1 T magnetic field in the central tracking region of the
detector. The iron flux return yoke of the magnet is
instrumented with about 1272 m? resistive plate muon
counters, arranged in nine layers in the barrel and eight
layers in the end caps, that are used to identify muons with
momenta greater than 0.5 GeV/c. More details about the
BESIII detector are described in Ref. [16].

A GEANT4-based [17] Monte Carlo (MC) simulation
software package, which includes the geometric description
of the detector and its response, is used to determine the
detection efficiency and to estimate the potential back-
ground. An inclusive MC sample, which includes D°D°,
DD~ and non-DD decays of the w(3770), initial-state
radiation (ISR) production of the w(3686) and J/y,
ete™ - qq (¢ = u, d, s) continuum processes, Bhabha
scattering events, dimuon events and ditau events, is
produced at /s = 3.773 GeV. The y(3770) production
is simulated by the MC generator KKMC [18], in which the
effects of ISR [19] and final-state radiation [20] are
considered. The known decay modes are generated using
EVTGEN [21] with the branching fractions taken from the
Particle Data Group (PDG) [22], and unknown decay
modes are generated using LUNDCHARM [23].

III. DATA ANALYSIS

The D meson candidates are selected from combinations
of 7*, K=, K3, z°, n and #/, where K9, 7% 5 and #' are
reconstructed through their prominent decays K 2 >,
7% = yy, n = yy and ¥ — x*xn, respectively.

All charged tracks, except for those from a K% decay, are
required to originate from the interaction region defined as
V. <1cmand |V, | < 10 cm, where V,, and |V,| denote
the distances of the closest approach of the reconstructed
track to the interaction point in the xy plane and in the z
direction (along the beam direction), respectively. The polar
angle of the charged tracks 0 is required to satisfy
|cos | < 0.93. Charged tracks are identified using con-
fidence levels for the kaon (pion) hypothesis CLg,),
calculated with both dE/dx and TOF information. The
kaon (pion) candidates are required to satisty CLg ) >
CL,) and CLg(;) > 0. In the momentum range of

(0.1,0.6) GeV/c, the PID efficiencies of z* and K* are
all greater than 99%, while the misidentification rates
between z& and K* are less than 0.8%. In the momentum
range of (0.6, 1.1) GeV/c, however, the PID efficiencies of
7* and K= range in (98-94)% and (98-90)%, respectively,

while the rates of misidentifying z* as K* and K* as 7™

range in (1-10)% and (1-6)%, respectively.

The K9 candidates are formed from two oppositely
charged tracks with |V.| <20 cm and | cos 8| < 0.93. The
two charged tracks are assumed to be a # 7~ pair without
PID and are constrained to originate from a common decay
vertex. To suppress the 7z~ combinatorial background, the
reconstructed decay length of the K% candidate is required to
be greater than twice its uncertainty. The #" z~ invariant mass
must be within the signal region, defined as +0.012 GeV/c?
around the K g nominal mass [10].

The photon candidates are selected from isolated EMC
clusters. To suppress the electronics noise and beam
background, the clusters are required to start within
700 ns after the event start time and fall outside a cone
angle of 10° around the nearest extrapolated charged track.
The minimum energy of each EMC cluster is required to be
larger than 25 MeV in the barrel region (| cos 8] < 0.80) or
50 MeV in the end-cap region (0.86 < |cos 8| < 0.92) [16].
To select the z° and # meson candidates, the yy invariant
mass is required to be within (0.115,0.150) GeV/c? and
(0.515,0.575) GeV/c?, respectively. The momentum res-
olution of z° and 7 is further improved with a kinematic fit
that constrains the yy invariant mass to the z° or 7 nominal
mass [10]. For # mesons, the #7777 invariant mass is
required to be within the signal region, which is
+0.012 GeV/c? around the nominal 7' mass [10].

For D° decays to #tz~, K*K~ and K¥z*, the back-
grounds arising from cosmic rays, Bhabha scattering events
and dimuon events are rejected with the same requirements
as those used in Ref. [24]. First, the two charged tracks
must have a TOF time difference less than 5 ns and must
not be consistent with the requirement for a muon pair or an
electron-positron pair. To further suppress the backgrounds
of Bhabha scattering and dimuon events, at least one EMC
cluster with an energy larger than 50 MeV or at least one
additional charged track detected in the MDC is required.
This requirement avoids the small kink near the beam-
energy point in the Mpc (see the next paragraph for its
definition) distributions.

At the y(3770) peak, the DD meson pairs are produced
without additional particles; thus, the energies of the D
mesons are equal to the beam energy Ej,.,,, in the center-of-
mass frame of the eTe™ system. Two variables reflecting
energy and momentum conservation are used to identify the
D meson candidates. They are the energy difference

AE= ZEi — Eveam (1)

and the beam-energy-constrained mass

2
My - = \/E%)eam - (Zﬁ’ . C) , (2)
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FIG. 1.

Fits to the My distributions of the single-tag D" candidate events. The points with error bars are data, the red curves are the

overall fits, the blue dashed curves are the fitted backgrounds and the yellow shaded histograms are the MC-simulated combinatorial

backgrounds.

where E; and p; are the energy and momentum of the
decay products of the D candidates in the center-of-mass
frame of the ete™ system. For a given D decay mode,
if there is more than one candidate per tag mode per D and
D, the one with the least |AE]| is kept for further analysis.
The combinatorial backgrounds are suppressed by mode-
dependent AE requirements, which correspond to +3.06 ¢
around the fitted AE peak, where o, is the resolution of
the AE distribution.

Figures 1 and 2 show the M distributions of the accepted
single-tag D* and D° candidates, respectively. The signal
yields of D mesons for the different processes are determined
using unbinned maximum likelihood fits to the correspond-
ing distributions, where the signal probability density func-
tion is modeled by the MC-simulated shape convolved with a

double Gaussian function that describes the resolution
difference between data and MC simulation. The combina-
torial background is described with an ARGUS function [25]
with the end point fixed at Ey.,p,.

For the decays including K g (7") mesons in the final states,
there are peaking backgrounds from non-K? (non-’) events
in the K9 (1) signal regions around the nominal D mass in the
My distributions. To estimate these peaking backgrounds,
the data events in the Kg (") sideband regions, defined
as 0.020 < Myt p-(xzy) = Mgo(p)| < 0.044 GeV/c?, are
used. Figure 3 shows the distributions of M+ -, M+ ,-,, as
well as M+ ,- versus M+ ,-, for the D° — K%' candidate
events in data. In Figs. 3(a) and 3(b), the regions between the
pair of solid (dashed) arrows denote the K and #' signal

10°
8000} 4 20000F ] ,
"t
150k D"— K 1
6000 15000
100f .
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b
>
© 2000 5000 50 ]
G
-
S ' | .
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w
1000F 3
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FIG. 2. Fits to the My distributions of the single-tag D° candidate events. The points with error bars are data, the red solid curves are
the overall fits, the blue dashed curves are the fitted backgrounds and the yellow shaded histograms are the MC-simulated combinatorial

backgrounds.
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FIG. 3. Distributions of (a) M +,-, (b) M+,-, and (c) M -,- versus M+ ,-, of the D0 — Kgn’ candidate events in data, where the

regions between the pairs of solid (dashed) arrows denote the K9(n') signal (sideband) regions, and the solid, dashed and dotted boxes
denote the signal, sideband A and sideband B regions (see text), respectively.

(sideband) regions. To estimate the non—K(S) and non-#/
peaking backgrounds in D° — K9y’ decays, two-
dimensional (2D) signal and sideband regions, as shown
in Fig. 3(c), are used. The solid box is the 2D signal region,
where both of the 7z~ and z 775 combinations lie in the
Kg and 7’ signal regions, respectively. The dashed (dotted)
boxes indicate the 2D sideband A (B) regions, in which one
(both) of the z* z~ and ™ 775 combinations lie in the K (77')
sideband regions.

The yields of peaking backgrounds in the K%(i/') side-
band regions in data are obtained with similar fits to the
corresponding My distributions. For the decays with a K g
or 71/ alone in the final status, the net signal yields N, are
obtained according to

1

Nnet:Nsig_E

Nsb

(3)

where N, and N, are the observed numbers of events in
the signal and sideband regions, respectively, as obtained in

TABLE L

the fits. For the decay D° — Kgr]/, the net signal yield is
estimated by

1 1
Nnet:Nsig_ENsbA"i_ZNsbB? (4)

where Ny, and Ngg denote the peaking background
yield in the sideband regions A and B, respectively.
Studies show that the main contribution of Ny, is from
D" — K" 77 0|yon_y» and the Ny is negligible.

IV. BRANCHING FRACTION
The branching fraction of the D — PP, decay is
determined according to

N,
B(D — PP;) = > )
2 X N5 % & x By,

(5)

where N, is the background-subtracted signal yields of the
data; N9 is the total number of DD pairs, which is

Background-subtracted signal yields (N,e¢) of D — PP, decays, the efficiencies (¢), the branching fractions measured in

this work (B) and the world average values (Bppg). For D® — P, P, decays, we include the correction factors of quantum coherence in
Npet- The efficiencies ¢ do not include the branching fractions of 7, #, K(S) and ' decays.

Mode Npet € (%) B (x1073) Bppg (x1073)
Dt = zta° 10108 £ 267 49.04+0.3 1.259 £ 0.033 + 0.023 1.24 4+ 0.06
Dt — Kta° 1834 + 168 482 +0.4 0.232 4 0.021 4 0.006 0.189 4 0.025
Dt >ty 11636 4215 47.04+0.3 3.790 + 0.070 4 0.068 3.66 +0.22
Dt - KTy 439 +£ 72 44.64+0.3 0.151 £0.025 +0.014 0.112+0.018
Dt - aty 3088 + 83 215402 5.12+0.14 £ 0.024 4.84 4+0.31
Dt —» Kty 87 +25 18.84+0.2 0.164 4+ 0.051 4 0.024 0.183 +0.023
D — K%zt 93 883 4 352 514402 15.91 4 0.06 4 0.30 1534+0.6
Dt — K9K* 17704 + 151 48.54+0.1 3.183 £ 0.029 4 0.060 2.95+0.15
DY = ntam 21107 £ 249 66.0+0.3 1.508 4 0.018 £ 0.022 1.421 +0.025
DY —» KtK~ 56359 4272 62.840.3 4.233 4 0.021 £ 0.064 4.01 +0.07
DY - KFg* 534135 £ 759 64.7+0.1 38.98 4 0.06 + 0.51 39.44+04
D° — K9x° 66552 4 302 37.14+0.2 12.39 £ 0.06 + 0.27 120+04
D — K9 9485 £ 126 32.040.1 5.13+£0.07 £0.12 4.85+£0.30
D° — K9 2978 £ 61 12.7+0.1 9.49 +0.20 £0.36 95+0.5
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(8296 + 31 £ 64) x 10* for D*D~ and (10597 +28 +
89) x 10* for D°DY [26]; e is the detection efficiency
obtained by the MC simulation and does not include the
branching fractions for the possible cascade decays,
and B, denotes the product branching fractions [10] of
the intermediate resonances 7°, 7, Kg and 77’ in the cascade
decays.

The detection efficiency ¢ is determined by analyzing the
inclusive MC sample with the same analysis procedure as
applied to the data, including the My fit and the back-
ground estimation. Because of the relatively high back-
grounds in the DCS decays of D* — K*z° Ky and Ky,
their detection efficiencies are determined from MC sam-
ples of w(3770) - D™D~ in which one D is forced to
decay into a signal mode and the other decays generically.
By fitting the Mpc distributions we obtain the net signal
yield from the MC samples for each decay. The detection
efficiency is obtained by dividing the net signal yield by the
total number of the produced signal events. To better
describe the data, the MC simulated efficiencies are
corrected by the differences between data and MC simu-
lation as discussed in Sec. V.

Inserting the values of N, N1, € and By, into Eq. (5),
we obtain the branching fractions of the decays of interest,
as listed in Table I. For the branching fractions measured in
this work, the first uncertainty is statistical and the second
one is systematic. By subtracting the branching fraction
of DCS decay D — K*z~ [10] from that of D — KT 7+,
we obtain the branching fraction of D° — K~z" to be
(3.882 £ 0.006 + 0.051)%.

V. SYSTEMATIC UNCERTAINTY

Table II summarizes the sources of the systematic
uncertainties in the branching fraction measurements.
The uncertainties are estimated relative to the measured
branching fractions and are described below.

) N‘L‘;E—): The total number of DD pairs produced in data

is cited from our previous work [26]. They are

TABLE II

(@)

3

“

&)

determined with a combined analysis in which both
single-tag and double-tag events are used. Their
uncertainties are included in our measurement.
Tracking (PID) of K*(n"): The tracking (PID)
efficiencies for K™ (z") are studied by using double-
tag DD hadronic events. Small differences in the
tracking (PID) efficiencies of K*(z") between
data and MC simulation (denoted as data-MC
differences) have been observed. To better describe
the data, the MC-simulated efficiencies are corrected
by the momentum-dependent data-MC differences
for the KT or zn™. Afterwards, the systematic
uncertainty for tracking (PID) is assigned as 1.0%
(0.6%) for each pion from 7' decays, and 0.3%
(0.3%) per track for the others.

K reconstruction: The K reconstruction efficiency,
including the tracking efficiency for charged
pions, is studied with control samples of J/y —
K*(892)FTK* with K*(892)* - K%z and
J/y — ¢KIK*xF. Small data-MC differences are
found, as presented in Ref. [27]. We correct the MC
efficiencies for these differences and assign a sys-
tematic uncertainty of 1.5% for each K9.

7° and n reconstruction: The z° reconstruction
efficiency is verified with double-tag hadronic
events D' - K=zt and K- ztztz™ versus D° —
K-ztz° and K%ztz7)z°. Small data-MC
differences for the z° reconstruction efficiencies
are found and are corrected to the MC simulation
efficiencies. After corrections, the uncertainty for the
7° reconstruction efficiency is taken as 1.0%. The
uncertainty for the x reconstruction efficiency is
assigned as 1.0%, too.

AE requirement and My fit: The uncertainty from
the AE requirement is investigated with alternative
requirements of 3.56,r or 4.00,g. The resultant
largest changes in the branching fractions are as-
signed as the uncertainties. The uncertainty from the

Relative systematic uncertainties (in %) in the branching fraction measurements.

Source ta® K2 xtn Kty oty Ky Kxt KSKT ztam KTK- K¥at K2 KSn KSy
N5 0.9 09 09 09 09 09 0.9 0.9 0.9 0.9 0.9 09 09 09
Tracking of K*(z7) 0.3 03 03 03 23 23 0.3 0.3 0.6 0.6 0.6 e e 20
PID of K (z™") 0.3 03 03 03 15 15 0.3 0.3 0.6 0.6 0.6 e
KY reconstruction 15 15 15 15 15
7%(n) reconstruction 1.0 1.0 1.0 10 10 10 e 1.0 1.0 1.0
AE requirement 0.1 12 06 26 05 38 0.3 0.2 0.5 0.6 0.2 04 04 04
My fit 0.9 1.7 05 85 1.8 133 02 0.2 0.6 0.4 0.1 02 04 04
Background estimation e 06 -~ -+ 02 43 0.1 0.3 e e e 05 02 08
Quoted branching fractions 0.0 00 05 05 17 1.7 0.1 0.1 e e e 01 05 17
MC statistics 0.7 08 05 06 08 1.0 03 0.3 0.4 0.5 0.1 05 04 0.6
QC effects 0.2 0.1 0.1 02 05 07
Total 1.8 27 1.8 90 41 149 19 1.9 1.5 1.5 1.3 22 23 38
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Mpc fit is examined with different fit ranges
(1.8335,1.8865) or (1.8395,1.8865) GeV/c?, dif-
ferent end points of 1.8863 or 1.8867 GeV/c? for
the ARGUS function, and different signal shapes
with various requirements on the MC-truth
matched signal shapes. The largest changes on the
branching fractions with respect to the nominal
results are treated as the corresponding systematic
uncertainties.

(6) Background estimation: The uncertainty from the
K9(17') sideband region is examined by changing the
scale factors based on MC simulations and by
shifting the K%(i7') signal or sideband regions by
+2 MeV/c?. The maximum changes of the branch-
ing fractions with respect to the nominal results are
assigned as the systematic uncertainties due to
background estimation.

For the DCS decay of D™ — K*2%, some peak-
ing-like background from Dt — K9(— 7%2%)z" is
found. This background has not been modeled in
the efficiency determination. The difference of the
measured branching fractions of D™ — K*z° with
and without considering this background, 0.6%, is
assigned as an uncertainty.

(7) Quoted branching fractions: The uncertainties in the
quoted branching fractions for 7z° — yy, n — yy,
K% - 7tz and nf - ntz7n are 0.03%, 0.51%,
0.07% and 1.63% [10], respectively.

(8) MC statistics: The uncertainty in the efficiencies due
to limited MC statistics is taken into account.

(9) Quantum coherence (QC) effects: Since D° and D°
are coherently produced in the process eTe™ —
w(3770) - D°DP, quantum correlation is consid-
ered with a method introduced in Ref. [28] when
measuring the signal yields. The correction factors
are included in the signal yields listed in Table I.
The parameters are quoted from the PDG [10] and
Heavy Flavor Averaging Group [29] and their
uncertainties propagate to the branching fractions
as systematic uncertainties.

Assuming all the uncertainty sources are independent,
the quadratic sum of these uncertainties gives the total
systematic uncertainty in the measurement of the branching
fraction for each decay.

VI. SUMMARY

By analyzing the data sample corresponding to an
integrated luminosity of 2.93 fb~! taken at /s =
3.773 GeV, we measured the absolute branching fractions
for the two-body hadronic decays D™ — zt2°%, K*2°, 275,

K*n, nty, Ky, Kg;ﬁ, K2K+, and D° - zt7~, KTK~,
K= n", K37° K9, K%'. As shown in Table I, our results
are consistent with the world average values within
uncertainties and the branching fractions of D — 7+ 79,
Kt 2% ntn, oty KO, KSK+ and DY — K97% K9, Ko/
are determined with improved precision. The measured
branching fractions for D - K32° and D* — KK+ are
consistent with those measured using a double-tag tech-
nique in our previous works [14], but with better pre-
cision. These results are useful for tests of theoretical
calculations and provide a better understanding of SU(3)-
flavor symmetry breaking effects in hadronic decays of
the D mesons [2-5].
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