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Based on an e* e~ collision data sample corresponding to an integrated luminosity of 2.93 tb~! collected
with the BESIII detector at /s = 3.773 GeV, the first amplitude analysis of the singly Cabibbo-suppressed
decay D* — K+ K3z is performed. From the amplitude analysis, the K*(892)" K% component is found to
be dominant with a fraction of (57.1 + 2.6 + 4.2)%, where the first uncertainty is statistical and the second
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systematic. In combination with the absolute branching fraction B(D" —

we obtain B(D* — K*(892)"K3) =

due to the branching fraction B(D* — K*K4z

— K" K%2") measured by BESII,

(8.69 4 0.40 £ 0.64 + 0.51) x 1073, where the third uncertainty is
0). The precision of this result is significantly improved

compared to the previous measurement. This result also differs from most of theoretical predictions by
about 40, which may help to improve the understanding of the dynamics behind.

DOI: 10.1103/PhysRevD.104.012006

I. INTRODUCTION

The study of CP violation (CPV) in hadron decays is
important for the understanding of the matter-antimatter
asymmetry in the Universe. In the charmed-meson sector,
CPV effects in singly Cabibbo-suppressed (SCS) D-meson
decays are usually much larger than those in Cabibbo-
favored and doubly Cabibbo-suppressed decays. In 2019,
the LHCb collaboration first observed a CPV effect in a
combined analysis of D° — z+7~ and D° — K+ K~ decays
[1]. However, theoretical predictions of this CPV effect
suffer from large variations compared to those in the K or B
meson systems, mainly due to the large uncertainty in
describing the nonperturbative dynamics in QCD in the
charm region [2,3].

In recent years, the branching fractions (BFs) and CPV in
the two-body hadronic decays of D — PP and D — VP
have been studied in different QCD-derived models [4-7],
where P and V denote pseudoscalar and vector mesons,
respectively. Generally, these theoretical calculations are
in good agreement with experimental results, except for
those of the SCS decay D — K*(892)"K$, whose
amplitude consists of color-favored tree diagrams, W-
annihilation diagrams, and penguin diagrams [7]. The
topological diagrams can be found in Fig. 1. The mea-
sured and predicted values of B(D" — K*(892)*K$) are
listed in Table 1. The E687 Collaboration reported a BF

u
K*(892)*
w+ 5
C S
Dy KK
d - d
(a)
wt
C u
7}[(*(892)*
S
D+
s -0

(©

FIG. 1.

B(D*—K*(892)* (=K *n°) K .
( B(‘DQK‘OM JKs) — 1.1 40.3 + 0.4 [8]. This
results in B(D* — K*(892)" K%)= (17+8) x 10~ when
combined with the world average of B(D™ — K%z™") [9].
Although the predicted values are consistent with the
experimental results, the experimental precision needs
to be improved. A precise measurement of B(D' —
K*(892)"K%) will provide a more stringent test of the
theoretical models and help to deepen our understanding
of the dynamics of charmed meson decays. Especially,
this will enhance the predictive power on the CPV in
charmed meson decays.

In this paper, the first amplitude analysis of the SCS decay
Dt — K*K9z° is reported, based on a sample of D" D~
pairs from e*e™ collisions at a center-of-mass energy of
/s = 3.773 GeV corresponding to an integrated luminosity
0f2.93 fb~! [10,11] collected with the BESIII detector [12]
at the Beijing Electron Positron Collider (BEPCII) [13]. At
the energy /s =3.773 GeV, the pairs of D"D~ are
produced near threshold without any accompanying hadron
[14]. Previously, the BESIII Collaboration measured the
BF of D" - K"K%2° to be (5.07 £0.19 £+ 0.23) x 1073
[15]. In combination with the amplitude analysis results
presented in this paper, the BEof D™ — K*(892)" K% canbe
determined with much improved precision. Charge con-
jugation is implied throughout the text.

ratio of

K* 892)T
D* >~‘<
S 0
‘ 1:} *(892)*
Dt !
2 g}ﬁ’(K@)

Topological diagrams contributing to the decay D™ — K*(892)* K with (a) color-favored tree diagram, (b) W-annihilation

diagram, (c) color-favored QCD penguin diagram and (d) QCD penguin exchange diagram.
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TABLEL Predicted BFs of the decay D — K*(892) " KY from
the pole model [4], the factorization-assisted topological-ampli-
tude (FAT) approach with p —® mixing [5], the topological
diagram approach with only tree level amplitude (denoted as
TDAI[tree]) [6], and including QCD-penguin amplitudes (denoted
as TDA [QCD-penguin]) [7]. For comparison, the previous
experimental result [8,9] is also listed.

Model B(D" — K*(892)"K%)(x1073)
Pole 62+12

FAT [mix] 5.5

TDA [tree] 5.02 +1.31

TDA [QCD-penguin] 490+ 0.21

PDG 17+8

I1. BESIIT EXPERIMENT AND MONTE CARLO
SIMULATION

The BESIII detector records symmetric e*e™ collisions
provided by the BEPCII storage ring, which operates with a
peak luminosity of 1 x 10*3 cm™2 s7! in the center-of-mass
energy range from 2.0 to 4.9 GeV. BESIII has collected
large data samples in this energy region [2]. The cylindrical
core of the BESIII detector covers 93% of the full solid
angle and consists of a helium-based multilayer drift
chamber (MDC), a plastic scintillator time-of-flight system
(TOF), and a CsI(TI) electromagnetic calorimeter (EMC),
which are all enclosed in a superconducting solenoidal
magnet providing a 1.0 T magnetic field. The solenoid is
supported by an octagonal flux-return yoke with resistive
plate counter muon identification modules interleaved with
steel. The charged-particle momentum resolution at
1 GeV/c is 0.5%, and the ionization energy loss dE/dx
resolution is 6% for electrons from Bhabha scattering. The
EMC measures photon energies with a resolution of 2.5%
(5%) at 1 GeV in the barrel (end cap) region. The time
resolution in the TOF barrel region is 68 ps, while that in
the end cap region is 110 ps. More detailed descriptions can
be found in Refs. [12,13].

Simulated data samples produced with a GEANT4-based
[16] Monte Carlo (MC) package, which includes the
geometric description of the BESIII detector [17,18] and
the detector response, are used to estimate background
contributions and obtain the reconstruction efficiency.
The simulation models the beam energy spread and initial
state radiation (ISR) in the e™e™ annihilations with the
generator KKMC [19]. The “inclusive MC sample” includes
the production of DD pairs (including quantum coherence
for the neutral D channels), non-DD decays of the
w(3770), ISR production of the J/y and w(3686) states,
and continuum processes which are incorporated in KKMC
[19]. Known decay modes are modeled with EvtGen [20]
using the BFs published by the Particle Data Group (PDG)
[9], and the remaining unknown charmonium decays are
modeled with LUNDCHARM [21]. The final state radiation

from charged final state particles is incorporated using
PHOTOS [22]. The inclusive MC sample is used to study
background contributions and to estimate signal purity. In
this work, two sets of signal MC samples are used. One
sample is generated with a uniform distribution in phase
space (PHSP) for the decay D™ — K"K%7% called the
“PHSP MC sample,” which is used to extract the detection
efficiency maps along the Dalitz plot coordinates. The other
sample is generated based on the fitted amplitudes from the
amplitude analysis, called the “DI'Y MC sample.” It is used
to evaluate the fit quality and estimate the systematic
uncertainty. The recoiling D~ in these two sets of MC
samples is forced to decay into six tag modes, discussed in
Sec. T A.

III. EVENT SELECTION

Taking advantage of the threshold production of the
D™D~ sample, this analysis uses a double-tag method,
which is illustrated in the following.

A. Tagged candidate selection

The six tag modes used to tag D~ candidates are
Ktnrn, Ktnn n°, K(S)ﬂ_, K(S)ﬂ_ﬂo, Kgﬂ_ﬂ_ﬂ+, and
K*K~r~, with subsequent z° —>yy and K§ — 7"z~ decays.
The sum of their BFs is about 27.7% [9]. The tagged
candidates are reconstructed from all possible combina-
tions of final state particles according to the following
selection criteria.

Charged particle tracks are reconstructed using the
information of the MDC, and are required to have a polar
angle 6 with respect to the z-axis, defined as the symmetry
axis of the MDC, satisfying | cos 6| < 0.93 and to have a
distance of closest approach to the interaction point (IP)
smaller than 10 cm along the z axis (V) and smaller than
1 cm in the perpendicular plane (V). Those tracks used in
reconstructing K g — ntz~ decays are exempt from these
selection criteria. Particle identification (PID) for charged
particle tracks is implemented by using combined infor-
mation from the flight time measured in the TOF and the
dE/dx measured in the MDC to form a PID probability
L(h) for each hadron (h) hypothesis with h =z, K.
Charged tracks are identified as pions when they satisfy
L(r) > L(K) and as kaons otherwise.

Photon candidates from z° decays are reconstructed
from the electromagnetic showers detected in the EMC
crystals. The deposited energy is required to be larger
than 25 MeV in the barrel region with |cos8| < 0.80
and larger than 50 MeV in the end cap region with
0.86 < |cos@| < 0.92. To further suppress fake photon
candidates due to electronic noise or beam background, the
measured EMC time is required to be within 700 ns from
the event start time. To reconstruct z° candidates, the
invariant mass of a photon pair is required to satisfy
0.115 < M,, <0.150 GeV/c?. To further improve the
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TABLE II. AE,, requirements for different D~ tag modes.

D~ decay AE,, (GeV)

Ktr~m~ (—=0.022,0.021)
Kt na® (—0.060,0.034)
K%n~ (—=0.019,0.021)
K%n=n° (—0.071,0.041)
Kbnnnt (—=0.025,0.023)
K"K 7~ (—=0.019,0.018)

momentum resolution, the invariant mass of the photon pair
is constrained to the nominal z° mass [9] by applying a
one-constraint kinematic fit. The updated momentum of the
7¥ is used in the further analysis.

K candidates are reconstructed through the decay K —
7t z~ by combining all pairs of oppositely charged tracks,
without applying the PID requirement. These tracks need to
satisfy [cosf| <0.93 and V,<20cm while no V,
requirement is applied. A vertex fit is applied to pairs of
charged tracks constraining them to originate from a
common decay vertex, and the y> of this vertex fit is
required to be less than 100. The invariant mass of the 7z~
pair needs to satisfy 0.487 < M, :,- < 0.511 GeV/c>.
Here, M ,+,- is calculated with the pions constrained to
originate at the decay vertex.

To identify the tagged candidates, two kinematic vari-
ables, the beam-constrained mass M;;‘é, and the energy
difference AE|,,, are defined as

M3 = \[Eveun® /= |ugl/ (1)
and
AEtag = Etag - Ebeam7 (2)

where py,, and E,, are the three-momentum and energy of
the tagged D~ candidate in the rest frame of the initial e™e™
collision system, and FEi.,, is the beam energy. For a
correctly reconstructed tagged candidate, Mt,f% and AE,,
are expected to be consistent with the nominal D~ mass [9]
and zero, respectively. In this work, the same AE,
requirements as those in a previous BESIII analysis [23]
are used, which are listed in Table II. In each event, only the
combination with the smallest |AE,,,| is kept for each tag
mode. The tagged candidates are required to be within the
region 1.863 < Mys < 1.879 GeV/c2.

B. Signal candidate selection

Signal candidates for D* — K K9z° are formed using
the remaining tracks recoiling against the tagged D~.
Besides the selection requirements for charged and neutral
tracks described in Sec. III A, some additional criteria are
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| = Bkg MC

—_
(o]
o
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FIG. 2. Distributions of AEg, (a) and M, (b) in data and the
scaled inclusive MC sample. The points with uncertainties denote
data and the unshaded (shaded) histogram denotes the signal
(background) events from the scaled inclusive MC sample. The
arrows indicate the AEg, and M, requirements.

applied to improve the signal-to-background ratio. For the
Kg candidates, an additional secondary vertex fit is applied
where the momentum of the reconstructed K% candidate is
constrained to be aligned with the direction from the IP to
the Kg decay vertex, and the resulting flight length L is
required to be larger than twice its uncertainty ;. The y* of
the secondary vertex fit is required to be less than 500. For
the 7° candidates, the y? of the kinematic fit is required to
be less than 20.
To further identify the signal D" candidates, the energy
difference, AEg,, is defined as
AEsig = Esig - Ebeam’ (3)

where Eg, is the energy of the signal D* candidate in the
rest frame of the initial e*e™ collision system. In each
event, only the combination with the least |AE, | is kept as
a signal candidate. The AEg, distributions of data and
inclusive MC sample are shown in Fig. 2(a). We require
—0.03 < AEg, <0.02 GeV for signal candidates to be
kept. To further improve the momentum resolution of the
signal final state K+Kgﬂ0, an additional kinematic fit is
applied constraining the invariant mass of the signal final
state to the nominal D' mass [9] and the total four-
momentum of all reconstructed particles to the initial
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ete™ collision four-momentum. The updated four-momenta
are used for further analysis.
The recoil mass M, is defined as

M. = (pe+e‘ _pDJf)Z/C’ (4)
where p,+,- is the eTe™ collision initial four-momentum
and p+ is the four-momentum of the D* signal candidate.
The distribution of M., in data and in the inclusive MC
sample is shown in Fig. 2(b). The candidate events within
1.865 < M. < 1.877 GeV/c? are selected and the signal
purity is determined to be (97.4 4+ 0.2)% according to the
inclusive MC sample. After imposing all above selection
criteria, the number of the signal events in data is measured
to be 692.

IV. AMPLITUDE ANALYSIS

Only spin-zero particles are involved in the signal
process DT — KT K9z thus, only two degrees of freedom
are needed to describe the full kinematics. In the amplitude
analysis, we choose the two Dalitz plot variables M%{*no

2
and M KOz

A. Isobar model

The full amplitude of the decay process is described by
the Isobar model [24], which is given by

M(D* = K*K32%) = “c;- A (5)

where the term ¢; = a,e’?' consists of the magnitude a; and
the phase ¢; for the specific intermediate process i. The
amplitude 4; denotes the decay amplitude of the process i,
which is modeled in a quasi-two-body decay D — Cr,
r — AB. Here, r is the possible resonance decaying into
AB, and A, B, and C each denote one of the final state
particles K K97, A; is formulated as

.Ai:FDXTiXFrXWi’ (6)

where W, is the spin factor, F, and Fp are the Blatt-
Weisskopf barrier factors [25], and T; is the dynamical
function describing the intermediate resonance, as illus-
trated below.

1. Spin factor

The spin factor W; for the process D — Cr, r - AB is
constructed based on the Zemach formalism [26]. The
amplitudes for resonances with angular momenta larger
than two are not considered due to the limited phase space.
The spin factor is expressed as

Spin-0: W =1,
(M}, — M) (M3 — M)
M3y

Spin-1: W = M%. — M3+ ,

1
Spin—2: W= ap — §a2a3, (7)

where a,, a,, and a3 are given by

(MD, — M&) (M3 — M3)]?

ay = |M.— M3+

M3y ’
M2 _MZ 2
azsz,B—zM%)—zM%+M,
AB
MZ _M2 2
a3:MiB—2Mi—2M%+(AA4728) (8)
AB

Here, M 45, M ¢, and Mz denote the invariant masses of
the particle combinations AB, AC, and BC, respectively,
and M4, Mg, M, and M, denote the nominal masses of A,
B, C, and D, respectively.

2. Blatt-Weisskopf barrier factors

The Blatt-Weisskopf barrier factors Fj, and F, attempt to
model the underlying quark structure of the parent particle
in the decay D — rC and the subsequent decay r — AB,
respectively. The expressions for the barrier factors, which
are shown in Table III, are taken from Ref. [25]. In these
expressions, p is the decay momentum of the particle A (C)
in the rest frame of the mother particle r (D), while g is the
decay momentum of the particle A (C) in the rest frame
of the mother particle r (D) when the resonance is fixed at
the corresponding nominal mass. The radii of D™ and the
intermediate resonance r are chosen as R;, = 5 GeV~! and
R, = 1.5 GeV~!, respectively [24,27].

3. Dynamical function

The dynamical function describes the line shape of the
intermediate resonance. For the specific process r — AB,
the dynamical function is chosen as a relativistic
Breit-Wigner function for most of the resonances and is
written as

TABLE III. Expressions for Blatt-Weisskopf barrier factors
[25] under different angular momenta L.

L F
0 1
1 1+(R-p)?
1+(R-q)
2 943(R-p)*+(R-p)*
9+3(R-q)*+(R-q)*
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1
T(Myp) = ’ ’
(M ap) M? — M3, — iM, T (M ,g) ®

where M, is the nominal resonance mass, M,y is the
invariant mass of AB, and I'(M 45) is the mass-dependent
width defined as

F(Mup) =T, (” AB)”“ ( M, )F%, (10)

Pr Myp

where I', is the nominal resonance width, J is the spin of
the resonance, and p,p and p, are the breakup momenta at
M ,p and M,, respectively.

For the dynamical function of the Kz S-wave, we
choose the large aperture superconducting solenoid
(LASS) parametrization [28]. It includes both the
K{(1430) resonances and a nonresonant part. We denote
the full LASS parametrization as (K7%)gae OF
(K97°) 5. wave in the following. The LASS parametrization
can be expressed as

M
T(MKII) = Kz

. { FYR . sin(5NR 4 gNR) . iR A%).
Pkr

5

Kk Kk KK )
+ Fil-singyl - ¢/Ckatxz) -62’(52%’/’25)} . (11)

where FYR (4NR) and Fi° (4K’) are the magnitudes
(phases) for the nonresonant and Kj(1430) components,
respectively, and pg, is the breakup momentum of the Kz

system. The phase shifts 5\R and 5y are defined as

1 Teit P
SRR = cot™! < + =< K”) 12)
Kx AgcatPKr 2 (
and
. M T'(M
55 — qan-! [#] 13
MKS - MK}T

where ag., is the scattering length, r. is the effective
interaction range, and My is the nominal mass of the

K{(1430). The LASS parametrization corresponds to a
K-matrix approach [29] describing a rapid phase shift
coming from the resonant term and a slowly rising shift
governed by the nonresonant term, with relative strengths

FR2 and FYR. In the nominal fit, the LASS parameters are
fixed according to the values measured by the BABAR and
Belle collaborations [30], which are listed in Table IV.

B. Likelihood function

In the amplitude analysis, a maximum likelihood fit is
performed by minimizing the negative log-likelihood
(NLL), which is constructed on the Dalitz plot plane as

TABLEIV. Parameters of the Kz S-wave component measured
by BABAR and Belle [30].

Parameter Value Unit
MKS 1.441 £ 0.002 GeV/c?
FKES 0.193 £ 0.004 GeV
F%‘; 0.96 +0.07

2‘; 0.1 £0.3 deg.
F?}[ 1 (ﬁxed)

1;6 —109.7 £ 2.6 deg.
Agont 0.113 £ 0.006 (GeV/c)™!
Fefr -3384+1.8 (GeV/ce)™!

B YoijciciAi(x, y)As(x, y)
—InL = - E In [n(x, y) - Soecly ,
(14)

events

where (x,y) denote the Dalitz plot coordinates (M2

K+”0’
M2, o), n(x,y) is the efficiency function based on the
N

smoothed histogram (following the method in Ref. [31])
from the PHSP MC sample, where the Dalitz plot and the
corresponding projections of the PHSP MC are illustrated
in Fig. 3, A;(x,y) is the decay amplitude of the ith
component in Eq. (6), ¢; is the free complex coefficient
of the ith component, and /;; is the normalization integral,
which is defined as

I, = / Ax ) A (e yn(e,y)dxdy.  (15)

Here, the integral is calculated numerically by dividing the
Dalitz plot plane into a grid of 3500 x 3500 square cells.
No background contribution is included in the NLL in the
nominal fit, exploiting the high signal purity.

C. Fit fraction and goodness-of-fit test
The fit fraction (FF) f; for the ith component is

calculated with
fi= |Ci|2 f|Ai|2dXdy
! Zj’kcjc,’;fAjA,*(dxdy’

(16)

where the integral is calculated using the same numerical
method as for the integral in Eq. (15). Note that the sum of
the FFs is not necessarily equal to unity due to the
interferences between different components. To obtain
the corresponding statistical uncertainties, the values of
the fitted coefficients c; are randomly modified for 1000
times according to the information of the covariance matrix
and the root-mean-square values of the distributions of the
modified FFs are taken as the statistical uncertainties.
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To examine the quality of the nominal fit, goodness-of-fit
tests on three different projections of the Dalitz plot are
performed using the fitted results. When calculating > for
each projection, an adaptive binning is adopted to ensure
that the minimum number of events is larger than 10 to
obey the Gaussian assumption. The y? value is calculated
by using the number of events in data n% . and the expected
number nk , from the nominal fit in the kth bin and is
formulated as

k k
Mata — Mitted

2 _
r=) | et
k M gata

V. FIT RESULTS

(17)

To perform the amplitude analysis, the open-source
framework GooFit [32] is used accelerating the fit speed
using parallel processing computing. In the fit, the reso-
nance K*(892)" is chosen as the reference, whose phase
and magnitude are fixed to be one and zero, respectively.
First, the fit of data is performed with the amplitudes
containing K*(892)* and K*(892)°, which are clearly
observed in the corresponding invariant mass spectra.
Then, two S-wave Kz components, (K¥7°)g e and

(K97°) 5. wave are included. The statistical significances of
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Dalitz plot for (a) the reconstructed distribution of the PHSP MC sample and (b) the corresponding smoothed distribution. The
where the dots with uncertainties denote the reconstructed and the solid lines denote the

these two components, calculated by the change of
the log-likelihood values A(NLL) with and without includ-
ing the component and taking into account the change
of the number of degrees of freedom, are both found to be
larger than So. Besides these four components, in addition
K*(1410), K;(1430), ao(980), ag(1450), p(1450),
p(1700), and (K7)p_y.e components were also tested,
but their statistical significances are all lower than 567 thus,
they are not included in the nominal fit. Here, the
(K7)p.yave denotes the nonresonant P-wave contribution,
which is modeled with the same as vector resonances like
K*(892)* while the dynamical function is set to be
constant.

Finally, the nominal fit includes four components,
K*(892>+’ K*(ng)o’ (K+ﬂ0)5—wave’ and (KgEO)S—wave‘ In
the fit, the nominal masses and widths of K*(892)" and
K*(892)° are fixed at the corresponding PDG [9] values.
The obtained results of the magnitudes, phases ¢, and FFs
for the different amplitudes are listed in Table V, where the
uncertainties are statistical only. The interference fractions
between amplitudes are also listed in Table VI. The process
D" — K*(892)"KY% is dominant with a fraction of
(57.1 £ 2.6)%. The comparison of the Dalitz plots between
the nominal fit and data, and the projections on M g,
M ko0, and M g+ go are shown in Fig. 4. The goodness-of-fit

tests show that the y? values are close to one and the Dalitz
plot fit quality is good.

012006-9



M. ABLIKIM et al.

PHYS. REV. D 104, 012006 (2021)

TABLE V. Nominal fit results of magnitudes, phases ¢, and FFs for different components. The uncertainties are statistical only. The
total FF is 80.9%. The statistical significance of each amplitude is also listed.

Amplitude Magnitude Phase ¢ (°) FF (%) Significance
Dt — K*(892)+K(S’ 1.0 (fixed) 0.0 (fixed) 57.1+2.6 29.60
Dt - I_(*(892)0K+ 0.41 £0.04 162 + 10 102+ 1.5 11.60
D > (K*7°) 5.y me KO 2.02 +0.37 140 + 14 39+ 15 526
D* = (K97°) g yave K+ 3.14 4+ 0.46 ~173.749.7 9.7+2.6 740

. . general the limited statistics of the data sample does not
TABLE VL Interference fractions between amplitudes  gjjow for detailed studies on these contributions so that we

in units of percentage, where A denotes D — K*(892)"KY, B
denotes D* — K*(892)°K™, C denotes D™ — (K*z°) K

S-wave ™S>
and D denotes D' — (K97°) K'. The uncertainties are
statistical only.

S-wave

B C D
A 48£0.5 0.0£0.0 62+04
B 23£15 0.0£0.0
C 58+£26

VI. SYSTEMATIC UNCERTAINTY

The systematic uncertainties for the resonance ampli-
tudes DT — K*(892)"K§ and D™ — K*(892)°K™ are
discussed below. While the two S-wave Kz components
are included in our fit in order to improve the fit quality, in

limit our systematic studies to the D* — K*(892)*K$ and
DT — K*(892)°K™ results. They are categorized into the
following sources: (I) amplitude components, (II) input
parameters for resonances, (III) radius of the meson (R, and
Rp), V) background, (V) fit bias, and (VI) efficiency. The
results of the systematic uncertainties for phases and FFs
are summarized in Table VII, where the uncertainties are
given in units of the corresponding statistical uncertainties,
and the total systematic uncertainties are obtained by
summing up all contributions in quadrature under the
assumption that different sources are uncorrelated.

() Amplitude components: To estimate the systematic
uncertainties related to the imperfect amplitude compo-
nents, several ensembles of simulated experiments (“toy
MC samples”) are generated based on the results of the
nominal fit with randomly added additional components

2 4 2 4
L 3 b
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FIG. 4. The Dalitz plot distributions of (a) data and (b) nominal fit, along with the projections and corresponding pull distributions on
(©) Mg+, (d) M Ko and (e) Mg+ K of the nominal fit, where the black points with error bars denote data, the blue solid lines denote the
fit results, and the other colored curves denote the different resonances components.
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TABLE VII. Systematic uncertainties on the phases ¢ and FFs
for the two resonances K*(892)* and K*(892)° in units of the
corresponding statistical uncertainties. The following sources: (I)
amplitude components, (II) input parameters for resonances,
(II) radius of the meson, (IV) background, (V) fit bias, and
(VI) efficiency are considered. The total systematic uncertainties
are obtained by summing up all contributions in quadrature.

D* - K*(892)*K% Dt — K*(892)°K*

Source FF Phase ¢ FF
I 1.03 1.03 1.07
I 0.08 0.11 0.12
1 1.13 1.07 1.01
v 0.01 0.01 0.01
\Y% 0.14 0.05 0.02
VI 0.38 0.05 0.07
Total 1.59 1.49 1.48

from the list K*(1410), K3(1430), a¢(980), aq(1450),
p(1450), p(1700), and (K7)p.yue- The magnitude of
the additional component is randomly distributed in the
range between zero and the fitted magnitude of the Dt —
K*(892)°K* component, and its phase is randomly dis-
tributed in the range [0, 2x). Then, the fit procedure is
repeated for each toy MC sample. From these fits, we
obtain pull distributions for the fit results ¢g-(gos),
FFg-(892)+, and FFg-(ggrj0 compared to the nominal result
that are well described by a Gaussian. The widths of the
corresponding Gaussian functions describing the pull dis-
tributions are assigned as the associated systematic
uncertainties.

(IT) Input parameters: In the nominal fit, the masses and
widths of K*(892)" and K*(892)° are fixed to the values in
the PDG [9] and the parameters of the LASS model are
fixed according to Ref. [30]. To estimate the corresponding
systematic uncertainties, the fit procedure is repeated by
varying each of the fixed parameters by £ 1. The quadratic
sum of the maximum relative variations for each parameter
is taken as the systematic uncertainty.

(II) Radii of the mesons: To estimate the relevant
systematic uncertainties originating from fixing the Rp
value, the fits are performed with alternative R, values
between 3 and 7 GeV~'. The maximum relative variations
of the fit results are taken as the relevant systematic
uncertainties. In case of the R, value, which is one of the
dominant sources of systematic uncertainty, toy MC sam-
ples are generated based on the fit results with randomly
distributed R, parameters in the range [0, 3] GeV~!. These
toy MC samples are then fitted with the R, parameter fixed to
the default value of 1.5 GeV~'. The observed pull distri-
bution can be described by a Gaussian function. The width of
the Gaussian function used to fit the pull distribution is taken
as systematic uncertainty. The quadratic sum of these two
uncertainties is taken as the corresponding systematic
uncertainty.

(IV) Background: In the nominal fit, the background is
neglected due to high signal purity. To estimate the
associated systematic uncertainty, the NLL is alternatively
constructed as

) Zi,jcichi(x’ y)A;f (x,y)
Zi,jcic;k'lij '

- -B(x,y>], (18)

—-InL = —Z ln[f-n(x,y)

events

where f is the signal fraction calculated from the M.,
distribution in the inclusive MC sample and B(x, y) is the
background distribution modeled with a smoothed histo-
gram [31] constructed from the inclusive MC sample. After
minimizing the NLL in Eq. (18) with the components of the
nominal solution, the relative variation of the fit results is
found to be smaller than 1% of the corresponding statistical
uncertainty. The variations are assigned as the systematic
uncertainties.

(V) Fit bias: To understand the potential effect of the fit
bias, a series of DI'Y MC samples with same statistics as in
data are generated. The fit procedure is repeated for each
DIY MC sample and the pull distributions compared to the
nominal fit result are obtained. Any deviation from a mean
of zero of the pull distribution is assigned as a systematic
uncertainty.

(VD) Efficiency: Uncertainties from the efficiencies
for charged particle tracking and PID, as well as the
reconstruction of K9 and z° candidates have been studied
with different control samples in previous works; see
Refs. [33-35] for examples. To estimate the corresponding
systematic uncertainties, we use correction factors compar-
ing the estimated efficiencies in data and MC simulation,
€pata/ EMc» to reweight the efficiency function. We obtain a
modified efficiency #/(x,y), which is then used instead
of n(x,y) in Egs. (14) and (15). The relative variation of
the fit results using the modified efficiency is taken as the
corresponding systematic uncertainty. Additionally, the
systematic uncertainties due to the M,,. and AFE require-
ments are studied by slightly shifting the boundaries within
1 MeV/c? and 1 MeV, respectively. The modified efficiency
functions are obtained and the fit procedure is repeated.
Finally, the quadratic sum of the above variations is assigned
as the systematic uncertainty related to the efficiency.

VII. SUMMARY

To summarize, based on an eTe™ collision sample
corresponding to an integrated luminosity of 2.93 fb~!
collected with the BESIII detector at \/E = 3.773 GeV, the
first amplitude analysis of DT — K*K%z" is carried
out. The decay DT — K*(892)"K$§ is found to be
dominant along with a small fraction of DT —
K*(892)°K*. As listed in Table VIII, the relative BFs
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TABLE VIIL

The obtained results based on the amplitude analysis. The subscript stat. and syst. denote statistical and systematic

uncertainties, respectively, and Br. denote uncertainties from the quoted BF B(D' — K*K$z°). For comparison, the previous

experimental results [9] are also listed.

BF This work

PDG

B(D*—K*(892)" (K*2°)K)
B(DT—K"K52")

B(D"—K*(892)°(K$2")K ")
B(D¥—K*KS2")

B(D" — K*(892)+K(S))

B(D* — K*(892)°K™)

(8.69 £ 0.40, + 0.64 £ 0.51p,) x 1073
(3.10 £ 0464, + 0.68. +0.185,) x 1073

(57.1 % 2,64y + 4.244)%

(10.2 £ 1.5y £ 2.244)%

(17 +8) x 1073
(3.741013) x 1073

are measured to be B(mg(lgl(ig;):lié‘;’)’o)’(?)
42)% and SCSTERIEEIE) — (1024 1.5 42.2)%,
where the first uncertainty is statistical and the second
systematic. Using B(D"—K " K%z°)=(5.07+0.194+0.23)x
1073, as measured by the BESIII Collaboration [15],
B(D"—K*(892)"K$)=(8.69+0.40+£0.64+0.51)x 1073
is obtained, where the third uncertainty is due to the
uncertainty on B(D* — K*K$z°). This result is consis-
tent with previous results [8,9] but with a precision
improved by a factor of 4.6. It differs from the theoretical
predictions in Refs. [5-7] by about 46. However,
the result is consistent with the prediction based on the
pole model [4], which suffers from large theoretical
uncertainty. This indicates that the QCD-derived
models need further improvements, which may lead to
variations in the predicted CPV effects. In addition,
B(DT — K*(892)°K*) = (3.10 £ 0.46 4- 0.68 + 0.18) x
1073 is obtained, which agrees well with previous
measurements [9] and theoretical predictions [4-7].
Future y(3770) data samples at BESIII with larger
statistics will provide more precise information about
the process D™ — K*(892)"KY and help to deepen our
understanding of the internal dynamics of charmed meson
decays [2].

=(57.14+2.6+
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