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Using e* e~ collision data corresponding to an integrated luminosity of 2.93 fb~! taken at a center-of-mass
energy of 3.773 GeV with the BESII detector, we determine the absolute branching fractions

B(D+ — K9K*) = (3.02 £ 0.09 + 0.08) x 1073,

B(D* — K9K*12%) = (5.07 +0.19 £ 0.23) x 1073,

B(D* - KYK*)=(3.21£0.11£0.11)x 1073, and B(D* — KYK*z") = (5.24 £0.22 £0.22) x 1073,
where the first and second uncertainties are statistical and systematic, respectively. The branching fraction
B(D™ — K9K ™) is consistent with the world average value and the other three branching fractions are
measured for the first time. We also measure the CP asymmetries for the four decays and do not find a

significant deviation from zero.

DOI: 10.1103/PhysRevD.99.032002

I. INTRODUCTION

Experimental studies of hadronic decays of charm
mesons shed light on the interplay between the strong
and weak forces. In the standard model (SM), the singly
Cabibbo-suppressed (SCS) D* meson hadronic decays are
predicted to exhibit CP asymmetries of the order of 1073
[1]. Direct CP violation in SCS D* meson decays can arise
from the interference between tree-level and penguin decay
processes [2]. However, the doubly Cabibbo-suppressed
and Cabibbo-favored D* meson decays are expected to be
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CP invariant because they are dominated by a single weak
amplitude. Consequently, any observation of CP asymmetry
greater than O(1073) in the SCS D* meson hadronic decays
would be evidence for new physics beyond the SM [3]. In
theory, the branching fractions of two-body hadronic decays
of D mesons can be calculated within SU(3) flavor symmetry
[4]. An improved measurement of the branching fraction of
the SCS decay D™ — K°K* will help to test the theoretical
calculations and benefit the understanding of the violation of
SU(3) flavor symmetry in D meson decays [4]. In this paper,
we present measurements of the absolute branching fractions
and the direct CP asymmetries of the SCS decays of
Dt — KYK*, KK+ 7% KK+ and K9 K*7°.

In this analysis, we employ the ‘“double-tag” (DT)
technique, which was first developed by the MARK-III
Collaboration [5,6], to measure the absolute branching
fractions. First, we select “single-tag” (ST) events in which
either a D or D meson is fully reconstructed in one of
several specific hadronic decays. Then we look for the D
meson decays of interest in the presence of the ST D events;
the so called the DT events in which both the D and D
mesons are fully reconstructed. The ST and DT yields (Ngt
and Npr) can be described by

Nst = 2N p+p-Biagésr,
Npr = 2ND+D’Btangig€DTv (1)

where N+ p- is the total number of D™D~ pairs produced
in data, eqr and ept are the efficiencies of reconstructing
the ST and DT candidate events, and B,,, and By, are the
branching fractions for the tag mode and the signal mode,
respectively. The absolute branching fraction for the signal
decay can be determined by

B. :NDT/eDT :NDT/G (2)
" Ngr/est  Ngr
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where € = epr/egr is the efficiency of finding a signal
candidate in the presence of an ST D, which can be
obtained from MC simulations.

With the measured absolute branching fractions of D
and D~ meson decays (B:qg and Bg,), the CP asymmetry
for the decay of interest can be determined by

U ng - B, 3
B+ B,

I1. THE BESIII DETECTOR AND DATA SAMPLE

The analysis presented in this paper is based on a data
sample with an integrated luminosity of 2.93 fb=! [7]
collected with the BESIII detector [8] at the center-of-mass
(c.m.) energy of /s = 3.773 GeV. The BESIII detector is a
general-purpose detector at the BEPCII [9] with double
storage rings. The detector has a geometrical acceptance of
93% of the full solid angle. We briefly describe the
components of BESIII from the interaction point (IP)
outward. A small-cell multi-layer drift chamber (MDC),
using a helium-based gas to measure momenta and specific
ionization of charged particles, is surrounded by a time-of-
flight (TOF) system based on plastic scintillators which
determines the time of flight of charged particles. A CsI(Tl)
electromagnetic calorimeter (EMC) detects electromag-
netic showers. These components are all situated inside
a superconducting solenoid magnet, which providesa 1.0 T
magnetic field parallel to the beam direction. Finally, a
multilayer resistive plate counter system installed in the
iron flux return yoke of the magnet is used to track muons.
The momentum resolution for charged tracks in the MDC is
0.5% for a transverse momentum of 1 GeV/c. The specific
energy loss (dE/dx) measured in the MDC has a resolution
better than 6%. The TOF can measure the flight time of
charged particles with a time resolution of 80 ps in the
barrel and 110 ps in the end caps. The energy resolution for
the EMC is 2.5% in the barrel and 5.0% in the end caps for
photons and electrons with an energy of 1 GeV. The
position resolution of the EMC is 6 mm in the barrel
and 9 mm in the end caps. More details on the features and
capabilities of BESIII can be found elsewhere [8].

A GEANT4-based [10] Monte Carlo (MC) simulation
software package, which includes the geometric description
of the detector and its response, is used to determine the
detector efficiency and to estimate potential backgrounds.
An inclusive MC sample, which includes the D°D°,
D*D~, and non-DD decays of y(3770), the initial state
radiation (ISR) production of y(3686) and J/y, the gg
(q=u, d, s) continuum process, Bhabha scattering
events, and di-muon and di-tau events, is produced at
\/s =3.773 GeV. The kkmc [11] package, which incor-
porates the beam energy spread and the ISR effects
(radiative corrections up to next to leading order), is used

to generate the w(3770) meson. Final state radiation of
charged tracks is simulated with the PHOTOS package [12].
w(3770) - DD events are generated using EVTGEN
[13,14], and each D meson is allowed to decay according
to the branching fractions in the Particle Data Group (PDG)
[15]. This sample is referred as the “generic” MC sample.
Another MC sample of y(3770) — DD events, in which
one D meson decays to the signal mode and the other one
decays to any of the ST modes, is referred as the “signal”
MC sample. In both the generic and signal MC samples, the
two-body decays DT — Kg’ K are generated with a
phase space model, while the three-body decays Dt —
K9, K*2" are generated as a mixture of known intermedi-
ate decays with fractions taken from the Dalitz plot analysis
of their charge conjugated decay D™ — K*K~z" [16].

III. DATA ANALYSIS

The ST DT mesons are reconstructed using six hadronic
final states: K*z7xF, K*aFaFz% KT, Kin¥a°,
KOn*nF 2% and KTK*x ¥, where KY is reconstructed by
its 777~ decay mode and z° with the yy final state. The
event selection criteria are described below.

Charged tracks are reconstructed within the MDC cover-
age | cos 0| < 0.93, where 6 is the polar angle with respect
to the positron beam direction. Tracks (except for those
from K9 decays) are required to have a point of closest
approach to the IP satisfying |V.| < 10 cm in the beam
direction and |V,| < 1 cm in the plane perpendicular to the
beam direction. Particle identification (PID) is performed
by combining the information of dE/dx in the MDC and
the flight time obtained from the TOF. For a charged 7z(K)
candidate, the probability of the z(K) hypothesis is
required to be larger than that of the K(z) hypothesis.

The K g candidates are reconstructed from combinations
of two tracks with opposite charges which satisfy
|V.| <20 cm, but without requirement on |V,|. The two
charged tracks are assumed to be z7z~ without PID and are
constrained to originate from a common decay vertex. The
"z~ invariant masses M-, are required to satisfy
My = Myo| < 12 MeV/c?, where Mo is the nominal
Kg mass [15]. Finally, the K‘; candidates are required to
have a decay length significance L/o; of more than two
standard deviations, as obtained from the vertex fit.

Photon candidates are selected from isolated showers in
the EMC with minimum energy larger than 25 MeV in the
barrel region (|cos 8| < 0.80) or 50 MeV in the end-cap
region (0.86 < |cosd| < 0.92). The shower timing is
required to be no later than 700 ns after the event start
time to suppress electronic noise and energy deposits
unrelated to the event.

The 7z° candidates are reconstructed from pairs of
photon candidates with invariant mass within 0.110 <
M,, <0.155 GeV/ c2. The yy invariant mass is then
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TABLE I. AE requirements and ST yields in data (Ngt), where
the uncertainties are statistical only.

ST mode AE (GeV) Ngr (D) Ngp (D7)
D* > K¥z*z*  (-0.030,0.030) 412416+687 414140+690
D* - K¥rfnt 70 (—0.052,0.039) 114910+474 118246+479
D* - Kn* (—0.032,0.032) 482204229 479384229
D* - K% 2" (—0.057,0.040) 989074385 991694384
D* - KdnFata* (=0.034,0.034) 57386+307 57090+305
D* - KTK*z*+ (-0.030,0.030) 357064253 35377+£253

constrained to the nominal z° mass [15] by a kinematic fit,
and the corresponding y? is required to be less than 20.

A. ST yields

The ST DT candidates are formed by the combinations
of K*n¥x%, K*n¥tn¥ 0, Kgiﬁ, Kgﬂ':':ﬂ,'o, Kgﬂ'iﬂ:':ﬂ?:': and
K*KT¥xT. Two variables are used to identify ST D mesons:
the energy difference AE and the beam-energy constrained
mass Mpc, which are defined as

AE =Ep — Eyeams (4)

MBC = E%eam - |5D|2' (5)

Here, pp and Ej are the reconstructed momentum and
energy of the D candidate in the ete™ c.m. system, and
Eyeam 1s the beam energy. Signal events are expected to

peak around zero in the AE distribution and around the
nominal D mass in the Mpc distribution. In the case of
multiple candidates in one event, the one with the smallest
|AE| is chosen. Tag mode-dependent AE requirements as
used in Ref. [17] are imposed on the accepted ST candidate
events, as summarized in Table 1.

To obtain the ST yield for each tag mode in data, a binned
maximum likelihood fit is performed on the My distri-
bution, where the signal of D meson is described by an
MC-simulated shape and the background is modeled by an
ARGUS function [18]. The MC-simulated shape is con-
volved with a Gaussian function with free parameters to
take into account the resolution difference between data
and MC simulation. Figures 1 and 2 illustrate the resulting
fits to the My distributions for ST DT and D~ candidate
events in data, respectively. The fitted ST yields of data are
presented in Table I, too.

B. DT yields

On the recoiling side against the ST DT mesons, the
hadronic decays of D* — K3, K*(x°) are selected using
the remaining tracks and neutral clusters. The charged kaon
is required to have the same charge as the signal D meson
candidate. To suppress backgrounds, no extra good charged
track is allowed in the DT candidate events. The signal D*
candidates are also identified with the energy difference
and the beam energy constrained mass. In the following,
the energy difference and the beam-energy constrained
mass of the particle combination for the ST/signal side are
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FIG. 1. Fits to the My distributions of ST D candidate events. The points with error bars are data, the green dashed curves show the

fitted backgrounds, and the blue solid curves show the total fit curve.
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fitted backgrounds, and the blue solid curves show the total fit curve.

denoted as AE“/St and ME/SE respectively. In each
event, if there are multiple signal candidates for
D* — KYK*(z"), the one with the smallest |[AESE| is
selected. The AE*® is required to be within
(=0.031,0.031) GeV and (—0.057,0.040) GeV for D* —
KYK* and D* — K9K*z°, respectively.

Due to its long lifetime, very few K9 decay in the MDC.
However, most K9 will interact in the material of the
EMC, which gives their position but no reliable measure-
ment of their energy. Thus, to select the candidates of
D* — KYK*(2"), the momentum direction of the K9
particle is inferred by the position of a shower in the
EMC, and a kinematic fit imposing momentum and energy
conversation for the observed particles and a missing K9
particle is performed to select the signal, where the K9
particle is of known mass and momentum direction, but of
unknown momentum magnitude. We perform the kin-
ematic fit individually for all shower candidates in the
EMC that are not used in the ST side and do not form a z°
candidate with any other shower candidate with invariant
mass within (0.110,0.155) GeV/c? [17]. The candidate
with the minimal chi-square of the kinematic fit (;(f((z) is
selected. To minimize the correlation between Mg‘% and
M3, the momentum of the K9 candidate is not taken from
the kinematic fit, but inferred by constraining AE™¢ to be
zero. In order to suppress backgrounds due to cluster
candidates produced mainly from electronics noise, the
energy of the K9 shower in the EMC is required to be

greater than 0.1 GeV. Finally, DT candidate events are
imposed with the optimized ;(%(0 requirement for each ST
L

and signal mode, as summarized in Table II. A

Figure 3 illustrates the distribution of Mys versus My

for the DT candidate events of DT — K gK +, summed over
the six ST modes. The principal features of this two-
dimensional distribution are following.

(i) Candidate signal events concentrate around the
intersection of Myt = Mys = Mp+, where M
is the nominal D™ mass [15].

(i) Candidate events with one correctly reconstructed
and one incorrectly reconstructed D meson are
spread along the vertical band with Myt = M+
or horizontal band with My = M)+, respectively
(named BKGTI thereafter).

(iii) Other candidate events, smeared along the diagonal,
are mainly from mispartitioned DD candidates and

TABLE II.  Requirements on ;ﬁ({, for DT signal events.

ST mode D* > KVK* D* > KYK*a°
D¥ > K*z¥7+ 80 80
DT - K*aFnF 70 50 40
DT - Kgﬂ':F 80 50
DT - K(S)ﬂ':Fﬂ'O 40 25
D¥ - K4nFn¥a* 40 30
DT — K*K¥n¥ 40 40
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FIG. 3. Tllustration of the scatter plot of Mg versus Mg from
the DT candidate evens of D" — K9K*, summed over six
ST modes.

the continuum events ete™ — ¢g (named BKGII
thereafter).

To determine the DT signal yield, we perform an
unbinned two-dimensional maximum likelihood fit on this
distribution.

The signal is described with an MC-simulated shape
a(MEE, ML) convolved with two independent Gaussian
functions representing the resolution difference between
data and MC simulation. The parameters of the Gaussian
functions are determined by performing one-dimensional
fits on the M%. and Mg distributions of data, individually.

The shape of BKGI b(Mys, Myt is determined from
the generic DD MC sample. In particular, in the studies of
D — KYK"(2"), irreducible and peaking backgrounds
come mainly from Dt — K9K*(z°) with K9 — 2%2°.
Since their shape is too similar to be separated from the
signal in the fit, their size and shape are fixed. To take into
account possible differences between data and MC simu-
lation, both shapes and magnitudes of the D' —
K9K™(x°) background events are re-estimated as follows.
The background shapes are determined by imposing the
same selection criteria as for data on the MC samples of
Dt — KYK* (") with K% decaying inclusively. The back-
ground magnitudes are estimated by using the samples of
Dt — KYK* (") with K} — z°2° selected from data and
MC samples, from which the event yields N l;gT and Nl;("gc are
determined individually. We also apply the selection
criteria of D* — K9 K*(z°) on the same MC samples of
Dt — KYK* () with K% decaying inclusively, selecting
N%{f events. The number of background events is then

: DT | p\7MC / \7MC
estimated by N K0 N K9 /N IR

The shape of BKGII is described with an ARGUS
function [18], c(m;my, &, p) = Am( —:'nig)/’ . gSl=m?/mg)
multiplied by a double Gaussian function. The parameters
A and ¢ of the ARGUS function are obtained by fitting the
m = (M + M}2)/+/2 distribution after fixing p = 0.5
and my = 1.8865 GeV/c?, and the parameters of the
double Gaussian function are obtained by a fit to the
(M3 — ML) /+/2 distribution of data. '

The two-dimensional fit is performed on the My¢. versus
MG distribution for each ST mode individually. Figure 4
shows the projections on the M. and M distributions of
the two-dimensional fits summed over all six ST modes.
The detection efficiencies of D* — K3 ; K*(x°) are deter-
mined by MC simulation. In our previous work [17],
differences of the Kg’ ;. reconstruction efficiencies between
data and MC simulation (called data-MC difference) were
found, due to differences in nuclear interactions of K° and

K° mesons. The detection efficiencies were investigated for
K - K3, and K° > K§, separately. To compensate for
these differences, the signal efficiencies are corrected by
the K9, momentum-weighted data-MC differences of the
K9, reconstruction efficiencies. The efficiency correction
factors are about 2% and 10% for D* — K9K*(z°) and
D* — KYK*(n%), respectively. The DT signal yields in
data (Npr) and the corrected detection efficiencies (¢) of
D* — K, K*(n") are presented in Table IIL

C. Branching fraction and CP asymmetry

According to Eq. (2) and taking into account the
numbers of Ngr, Npr, and € listed in Tables I and III,
the branching fractions of D' and D~ decays for the
individual ST modes are calculated. The average branching
fractions of Dt and D~ decays as well as combination of
charged conjugation modes are obtained by using the
standard weighted least-squares method [15], and are
summarized in Table IV. We also determine the CP
asymmetries with Eq. (3) based on the average branching
fractions of DT and D~ decays, and the results are listed in
Table 1V, too.

IV. SYSTEMATIC UNCERTAINTY

Due to the use of the DT method, those uncertainties
associated with the ST selection are cancelled. The relative
systematic uncertainties in the measurements of absolute
branching fractions and the CP asymmetries of the decay
D* — K§,K*(2") are summarized in Table V and are
discussed in detail below.

The efficiencies of K* tracking and PID in various K*
momentum ranges are investigated with K* samples
selected from DT hadronic DD decays. In each momentum
range, the data-MC difference of efficiencies €4,,/epmc — |
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Data are shown as the dots with error bars, the green dashed lines are the backgrounds determined by the fit, and the blue curves are the

total fit results.

is calculated. The data-MC differences weighted by the K*
momentum in the decays D* — K9, K*(z°) are assigned
as the associated systematic uncertainties.

The 7° reconstruction efficiency is studied by the DT
control sample D° — K~zt72° versus D° — K*z~ or
D —» K*n~n~n" using the partial reconstruction tech-
nique. The data-MC difference of the z° reconstruction
efficiencies weighted according to the 7#° momentum

distribution in D+ — K9, K*z° is assigned as the system-

atic uncertainty in z° reconstruction.

The branching fractions of Kg — atn~ and 7° — yy are
taken from the Particle Data Group [15]. Their uncertainties
are 0.07% and 0.03%, respectively, which are negligible in
these measurements.

As described in Ref. [17], the correction factors of Kg_ I
reconstruction efficiencies are determined with the two
control samples of J /y — K*(892)TK* with K*(892)F —

K§, 7% and J/y — ¢K§, K*T decays. Since the effi-
ciency corrections are imposed in this analysis, the
corresponding statistical uncertainties of the correction
factors, which are weighted according to the Kg, , momen-
tum in the decays D* — K9, K* ("), are assigned as the
uncertainty associated with the K%, reconstruction
efficiency.

As described in Ref. [17], in the determination of the
correction factor of the K9 efficiency, we perform a
kinematic fit to select the K9 candidate with the minimal
)(?{(Z and require )(?{(Z < 100. The uncertainty of the correc-

tion factor associated with the ;ﬁ(o cut is determined by
L

comparing the selection efficiency between data and MC
simulation using the same control samples. The )ﬁ(g require-

ment summarized in Table II brings an uncertainty. The
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TABLEIII. DTyields in data (Npt) and efficiencies (¢) of reconstructing the signal decays, where the uncertainties are statistical only.
The efficiencies include the branching fractions for Kg — gtz and 7° — yy.

ST mode Npr € (%) ST mode Npr € (%)
D~ — KK~ Dt — KK

Dt - K ntm* 424 £ 21 34.76 £ 0.43 D™ > Kz n” 411 £21 3498 £0.43
Dt - K ntnta® 122+ 12 34.89 £0.79 D™ - Ktanan° 133 £ 11 35.24 +£0.80
D* - Koz 68 +9 34.27 +1.30 D™ — K9z~ 41 £7 34.34 +1.30
Dt — Kozt z® 114 £11 34.28 +0.87 D™ - K%z 7° 112+11 33.82+0.87
Dt - K4ntnta~ 57+8 3330+ 1.10 D™ — KSnnat 60 +9 32.32+1.10
D" - K K*n* 37+7 35.27 £ 1.50 D™ - K'K n~ 39+7 36.20 + 1.50
D~ - KYK~n° Dt — K9K* 70

Dt - K ntm* 248 £16 12.00 +0.20 D™ - Ktn ™ 253 + 17 12.06 £ 0.20
Dt —» K~ntntn® 65+9 10.64 +0.37 D™ = Ktna n° 71+£9 11.18 £ 0.37
D* - Kin*+ 23+5 11.85 +£0.59 D™ - K9n~ 25+6 11.98 £0.58
D* - Kyn*z° 60+ 8 11.26 = 0.40 D~ — K%z~ x° 63+9 12.04 £0.42
DT — Kgﬂ'+ﬂ+ﬂ_ 20+ 6 10.19 £ 0.49 D™ — Kgﬂ:_ﬂ'_;z'+ 35+£7 10.76 £ 0.49
D" - K K*n* 19+6 11.15£0.64 D™ - K'K n~ 22+6 11.31 £ 0.67
D~ — KVYK~ D' > KYK*

DT - Kzt 375 +£21 27.43 £0.39 D™ - K'nn~ 343+ 19 27.96 +0.39
Dt - K atnta® 94+ 10 24.24 +0.69 D™ - Ktaaa° 92+ 10 26.50 +0.70
D* — K4zt 4047 27.61 +1.20 D™ - K3n~ 41+7 28.99 4+ 1.20
D" - Kir*a 89+ 10 25.19+£0.77 D™ — K¢z~ n° 105 £ 11 27.93+£0.78
D' - Kintnta~ 41+7 21.87 +£0.99 D™ > K nat 44 £7 21.98 +£0.97
D" - K K*n* 31+6 23.95+1.30 D™ - K'K n~ 23+6 2179 £1.20
D~ — KYK~ D" - KYK*n°

DT - Kzt 250 £ 17 11.01 £0.18 D™ - K'nn~ 241 £ 17 11.31 £0.18
Dt - K atnta® 48 +8 9.20+£0.32 D™ - Ktaaa° 65+9 9.17+£0.32
Dt - Kzt 23£5 10.20 £ 0.54 D™ — K4z~ 25+6 10.71 £0.55
Dt — K%zt 2° 58+9 8.93 £0.34 D™ — K4z~ n° 48 +8 9.53+0.35
D' - KSntnta~ 19+5 7.94 +£0.44 D™ > K nn* 23+6 7.55+£0.42
D" - K K*n* 14+5 8.03 £0.55 D™ - K'K n~ 14+5 8.71 £0.57

TABLE IV. The measured branching fractions and CP asymmetries, where the first and second uncertainties are statistical and
systematic, respectively, and a comparison with the world average value [15].

Signal mode

B(D*) (x107%)

B(D™) (x1073)

B (x1073) B (PDG) (x1073) Acp (%)
3.02 £0.09 £ 0.08 295 +0.15 —-1.8+£27+£16
5.07+0.19+£0.23 14+£37£24
321 £0.11£0.11 —-42+32+£12
5.24+£0.22£0.22 -06+t41+£17

KK+ 296 £0.11 £0.08 3.07£0.12+0.08
KYK*n" 5.14+£0.27+0.24 5.00 £0.26 £ 0.22
KYK* 3.07+0.14 +£0.10 3.34+0.15+0.11
KYK*7° 521 £0.30+0.22 5.27 £0.30 £ 0.22

momentum-weighted uncertainty of the )(%(0 selection
L

according to the K¢ momentum distribution of signal events
is assigned as the associated systematic uncertainties.

In the analysis of multi-body decays, the detection
efficiency may depend on the kinematic variables of the
final-state particles. The possible difference of the kinematic
variable distribution between data and MC simulation cau-
ses an uncertainty on detection efficiency. For the three-body
decays Dt — K9, K™2°, the nominal efficiencies are

estimated by analyzing an MC sample composed of the
decays DT — K*(892)*K", D* — K*(892)°K*, Dt —
K*(1430)°K™*, and D* — K3(1430)°K*. The fractions
of these components are taken from the Dalitz plot analysis
of the charge conjugated decay D" — K™K~ x* [16]. The
differences of the nominal efficiencies to those estimated
with an MC sample of their dominant decays of D™ —
K*(892)TKY , [15] are taken as the systematic uncertainties
due to the MC model.
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TABLE V. Systematic uncertainties (%) of the measured branching fractions and corresponding CP asymmetries.

Source K9K+ K9K- KK+ 7" KYK=n° KYK* KYK- KYK* 7O KYK=20
K* tracking 0.7 0.9 1.8 1.4 0.7 0.8 1.8 1.5
K* PID 0.3 0.2 0.2 0.3 0.3 0.2 0.2 0.3
7° reconstruction - . 2.0 2.0 . e 2.0 2.0
Kg reconstruction 1.9 1.9 2.9 2.8 e e e .
K? reconstruction 1.2 1.3 1.4 1.4
X cut 2.5 2.5 1.7 1.8
L
Subresonances e e 1.4 1.1 e e 1.5 1.5
My fit in DT 1.3 1.3 1.5 1.5 1.1 1.1 1.6 1.6
Peaking backgrounds in DT .- e e e 0.1 0.1 0.2 0.2
AFE requirement 0.6 0.6 0.6 0.6 e e e e
Total (for B) 2.5 2.6 4.5 4.2 3.1 32 4.2 4.1
Total (for Acp) 2.1 2.2 35 3.2 1.5 1.6 2.3 2.1

To evaluate the systematic uncertainty associated with
the ST yields, we repeat the fit on the Mpc distribution of
ST candidate events by varying the resolution of the
Gaussian function by one standard deviation. The resulting
change on the ST yields is found to be negligible.

The systematic uncertainties in the two-dimensional fit on
the My& versus My% distribution are evaluated by repeating
the fit with an alternative fitrange (1.8400, 1.8865) GeV/c?,
varying the resolution of the smearing Gaussian function by
one standard deviation, and varying the endpoint of the
ARGUS function by +0.2 MeV/c?, individually, and the
sum in quadrature of the changes in DT yields are taken as
the systematic uncertainties.

As described in Sec. III B, the dominant peaking back-
grounds for D* — K9 K*(z%) are found to be from D* —
K3K*(2%) with K% — 792%, whose contributions are about
3% (5%). Their sizes are estimated based on MC simulation
after considering the branching fraction of the background
channel and are fixed in the fits. Other peaking back-
grounds like D* — K%7%(2%) are found to have contri-
butions of less than 0.5%. The uncertainties due to these
peaking backgrounds are estimated by varying the branch-
ing fractions of the peaking background channels by +1o,
and the changes of the DT signal yields are assigned as the
associated systematic uncertainties.

In the studies of D* — K9K*(x°), a AE requirement in
the signal side is applied to suppress the background. The
corresponding uncertainty is studied by comparing the DT
yields with and without the AE requirement for an ST
mode with low background, i.e., D* — K¥z%z*. The
resulting difference of relative change of DT yields between
data and MC simulation is assigned as the systematic
uncertainty.

For each signal mode, the total systematic uncertainty
of the measured branching fraction is obtained by
adding all above individual uncertainties in quadra-
ture, as summarized in Table V. In the determination of
the CP asymmetries, the uncertainties arising from 7°

reconstruction, )ﬁ(o requirement of the K‘Z selection, MC

L
model of D* — K ; K*x° Mpc fit for ST events and AE
requirement in signal side are canceled. The total system-

atic uncertainties in the measured CP asymmetries are also
listed in Table V.

V. CP ASYMMETRIES IN DIFFERENT DALITZ
PLOT REGIONS FOR D* — Kg‘LKiit0

We also examine the CP asymmetries for the three-body
decay D* — K9, K*z" in different regions across the
Dalitz plot. For this study, a further kinematic fit con-
straining the masses of Kg and D" candidates to their
nominal masses [15] is performed in the selection of
D* — KYK*7°. To select signal D* — K9 K*z° events,
a kinematic fit constraining the D™ to its nominal mass is
performed in addition to the kinematic fit to select the K?
shower as described in Sec. III B. The recoiling mass of the
K{,; K*7° system,

M. = (QO - QD)27 (6)
which should equal the mass of the ST D meson in
correctly reconstructed signal events, is used to identify
the signal, where g, and ¢p are the four-momentum of the
ete™ system and the selected DT candidate, respectively.
This procedure ensures that D candidates have the same
phase space (PHSP), regardless of whether M. is in the
signal or sideband region.

Figure 5 shows the fits to the M. distributions and the
Dalitz plot of event candidates in the M .. signal region
defined as (1.864,1.877) GeV/c?. In the M, distribution
of D* — K3K*7Y, there is a significant tail above the D"
mass due to ISR effects. For ISR events in D* — K9 K*x°,
the momentum of the KV becomes larger than what it
should be due to the constraint of AE = 0, which leads to a
significant tail below the D* mass in the M, distribution.
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FIG. 5. (Left) Fits to the M, distributions of the D* —

Kg, 1K +79 candidate events, where the regions between the pairs

of blue and red lines denote the signal and sideband regions,

respectively. (Right) The Dalitz plots of Méo - Versus Méo o
S.L S.L

for the events in the M. signal region.

The M .. distributions are fitted with an MC-derived signal
shape convolved with a Gaussian function for the signal,
together with an ARGUS function for the combinatorial
background.

The Dalitz plot of D* — K9, K*7" is further divided
into three regions to examine the CP asymmetries. The
three regions labeled 1, 2, and 3 are separated by the

horizontal line with the (M?<O Kt M%@ ,) coordinates
S.L s

starting from (0.89,1.03) to (3.11,1.03) GeV?/c¢* and
the vertical line starting from (2.22,0.28) to
(2.22,1.94) GeV?/c*, respectively. The DT yields in data
are obtained by counting the numbers of events in the
individual Dalitz plot regions in the M .. signal region, and
then subtract the numbers of background events in the M ..
sideband regions (shown in Fig. 5). MC studies show that
the peaking backgrounds in the study of D* — K3K*7°
are negligible. For the study of D* — K9 K* 7%, however,

TABLE VI. Background-subtracted DT yields in data (Npr)
and detection efficiencies (e) in different Dalitz plot regions for
D* — K9, K*x°, where the uncertainties are statistical only.

Region NDT € (%) NDT € (%)
K9K* 70 K9K=7n°

1 201 £15 9.25+0.18 189+ 14 9.11 £0.18

2 50+8 13.80 £+ 0.66 59+9 13.45 £ 0.66

3 164 +14 11.68£0.21 146+13 11.68+0.21
K9K* 70 KYK=n°

1 177 £ 14 8.04+0.17 176 + 14 8.23+0.17

2 51+8 13.29 + 0.64 49 +8 13.08 + 0.64

3 146 +13 10.13£0.19 155413 9.68 +0.19

TABLE VII. Branching fractions (B) and CP asymmetries
(Acp) in different Dalitz plot regions for D* — K3, K*x°,
where the first and second uncertainties are statistical and
systematic, respectively.

Region B(D*') (x1073)  B(D7) (x1073) Acp (%)
K9K* 70 K9K=n°
1 2.864+0.224+0.10 2.75+£0.21+0.09 2.0+£54+24
2 0.48+0.08+0.02 0.58+0.094+0.02 —9.4+11.3+2.7
3 1.85+0.16+0.05 1.65+0.154+0.04 -5.7+6.3+1.8
K9K* 70 KYK=n°
1 2.8940.2440.08 2.83+0.23+£0.06 1.0£58+1.7
0.51+0.08+0.01 0.50+0.084+0.01 1.0+11.24+1.4
3 1.904+0.17+0.03 2.12+0.184+0.03 —=5.5+6.14+1.1
TABLE VIII.  Systematic uncertainties (%) of the CP asymme-
tries in different Dalitz plot regions for D* — K9 , K*°.
Source 1 2 3 1 2 3
KOK* 70 K9K=7°
K* tracking 2.5 1.4 1.1 1.8 1.2 1.1
K* PID 0.3 0.4 0.5 0.6 0.3 0.2
K§ reconstruction 2.6 35 23 28 33 23
Total 3.6 3.8 2.6 34 35 2.6
KYK*7° KYK-7°
K* tracking 2.3 1.5 1.2 1.7 1.4 1.1
K* PID 0.2 0.4 0.4 0.6 0.1 0.1
K% reconstruction 1.3 2.3 1.0 1.3 2.2 1.0
Total 2.6 2.8 1.6 2.2 2.6 1.5

there are non-negligible peaking backgrounds dominated
by D* — K$K*7° with K} — 7%2°. These peaking back-
grounds are estimated by MC simulations as described
previously and are also subtracted from the data DT yields.

The background-subtracted DT yields in data Npr, the
signal efficiencies e, the calculated branching fractions 53
and the CP asymmetries Aqp in the different Dalitz plot
regions are summarized in Tables VI and VII. Here, the
branching fractions and the CP asymmetries are calculated
by Egs. (2) and (3), respectively. The corresponding
systematic uncertainties are assigned after considering
the different behaviors of K* and K9, reconstruction in
the detector. We use the same method as described in
Sec. IV to estimate the systematic uncertainties on the CP
asymmetries in the individual Dalitz plot regions, all of
which are listed in Table VIII. No evidence for CP
asymmetry is found in individual regions.

VI. SUMMARY

Using an e*e™ collision data sample of 2.93 fb~! taken
at /s = 3.773 GeV with the BESIII detector, we present
the measurements of the absolute branching fraction
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B(D" - KYK™) = (3.02 £ 0.09 £ 0.08) x 1073, which is
in agreement with the CLEQO result [19], and the three other
absolute  branching fractions B(D* — K}K*z%) =
(5.07+0.19 £0.23) x 1073, B(DT - KYK*) = (3.21+
0.11£0.11) x 1073, B(D* - KYK*2°) = (5.24 +0.22+
0.22) x 1073, which are measured for the first time. We also
determine the direct CP asymmetries for the four SCS
decays and, for the decays DT — KgiLIﬁno, also in
different Dalitz plot regions. No evidence for direct CP
asymmetry is found. Theoretical calculations [4] are in
agreement with our measurements B(D™ — K9, K*). Our
measurements are helpful for the understanding of the
SU(3)-flavor symmetry and its breaking mechanisms, as
well as for CP violation in hadronic D decays [1-4].
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